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SPECIFICATION 
DYNAMIC FORWARD ERROR CORRECTION 
FIELD OF THE INVENTION 

The present inventions pertain to the field of error 
correction in communication systems, including more specifically, 
forward error correction arrangements. 

BACKGROUND OF THE INVENTION 

Digital communications systems utilize communication 
channels over which traffic data is communicated. These channels 
are typically bandwidth limited, having a finite channel 
capacity. The channel capacity together with other properties of 
the channel, such as various forms of noise and interference, 
will, with statistical certainty, cause, or otherwise result, in 
the injection of error conditions in the traffic data 
communicated over the channel. The effects of these error 
conditions may be particularly evident in wireless communications 
systems, which utilize generally unpredictable over-the-air 
communications channels through which remote stations communicate 
with a central station. 
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A technique for eliminating, or at least reducing, the 
effects of these error conditions is called Forward Error 
Correction (FEC) . In general, the employment of an FEC technique 
entails transmitting error detection data and error correction 
data along with the bearer data. The error detection data and 
error correction data are typically derived from the bearer data 
itself by employing an error detection algorithm and error 
correction algorithm known to the receiver as well as the 
transmitter, and in the case of a digital wireless communications 
systems, a remote station and a central station in communication 
with one another. 

FEC techniques have been employed in Time Division 
Multiple Access (TDMA) and Code Division Multiple Access (CDMA) 
wireless communications systems. For example, TDMA systems 
typically allow communication between a plurality of remote 
stations and a central station using the same frequency band and 
transmitting bearer data between remote stations and the central 
station during discrete time periods (i.e., each remote station 
transmits and receives bearer data broken up into bearer data 
bursts during respective time slots of cyclically repeating time 
frames) . 
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In wireless communication, prior to transmission, the 
central station or remote station appends or encodes the bearer 
data with error detection data and error correction data 
according to a respective error detection algorithm and error 
correction algorithm. The reciprocal remote station or central 
station receives each error correctable bearer data packet, 
automatically corrects any errors in each error correctable 
bearer data packet (within the limits of the error correction 
algorithm) by processing the error correctable bearer data packet 
according to the error correction algorithm, and detects any 
residual errors in each corrected bearer data packet by 
processing the corrected bearer data packet according to the 
error detection algorithm. 

The use of an FEC technique to eliminate or reduce the 
effects of transmission errors, however, does not come without a 
cost to the communications system. The transmission bandwidth 
available to a user transmitting in a particular time slot in 
known systems is reduced by the overhead required to transmit the 
error correction data. The transmission of error correction data 
with each error correctable bearer data packet can require 100% 
or more overhead in some instances. This increase in overhead 
typically results in either a longer time slot or a reduction in 
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the bandwidth available for the traffic data (for a fixed 
transmission bit rate) . In addition, in known wireless 
communications systems, the Bit Error Rate (BER) of the traffic 
data communicated between a central station and a remote station 
depends on dynamically varying conditions, such as, the relative 
distance between the remote station and the central station, 
interference, environmental conditions, traffic data transmission 
rate, etc. 

As a result, the BER of bearer data transmitted between 
the central station and a remote station varies with each 
particular remote station and with time with respect to each 
remote station making it difficult to systematically select an 
FEC error correction algorithm that optimizes both the 
transmission overhead and error protection capability. To 
provide high quality communication between the central station 
and any given remote station during any given time period, the 
error correction algorithm is generally selected based on the 
worst-case BER, and is thus overly robust in most situations, 
resulting in undesirably high overhead and reduced overall data 
throughput for the system. 

There thus is a need for a communications system that 
employs an FEC arrangement that among other things, maximizes the 

OC-20240 . 1 

- 4 - 



226/051 
PATENT 

amount of bearer data transmitted between the central station and 
any given remote station at any given time, while still providing 
an acceptable error rate. 

SUMMARY OF THE INVENTION 

The present inventions comprise a novel method of 
dynamically varying the transmission of error correction data in 
communications systems . 

In a preferred method of the present inventions, a first 
plurality of error correctable bearer data packets is transmitted 
between a first communications device and a second communications 
device during a first multi-frame (i.e., a plurality of time 
frames) . An initial error correction algorithm is selected from 
a plurality of error correction algorithms, which is then 
employed to generate error correction data. The error correction 
data is transmitted with the bearer data packets by, such as, 
e.g., appending or encoding the error correction data thereto, 
creating the first plurality of error correctable bearer data 
packets. The plurality of error correction algorithms can 
comprise any number of different error correction algorithms, 
which may include no error correction algorithm. Upon receipt of 
the first plurality of error correctable bearer data packets, 
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errors that are injected into the first plurality of error 
correctable bearer data packets during the transmission thereof 
are corrected within the limits of the selected error correction 
algorithm. 

The error rate level of the communications channel 
between the first communications terminal and the second 
communications terminal is determined during the first multi- 
frame. The error rate level of the communications channel may be 
determined by such techniques as, e.g., measuring the number of 
defective corrected bearer data packets (i.e., block error rate 
(BLER) ) or measuring the number of bit errors in the uncorrected 
bearer data packets (i.e., bit error rate (BER) ) . A subsequent 
error correction algorithm, which may be the same as the initial 
error correction algorithm, is selected from the plurality of 
error correction algorithms based in part upon the determined 

error rate level . 

A second plurality of error correctable bearer data 
packets is transmitted between the first communications terminal 
and the second communications terminal during a second multi- 
frame. The subsequent selected error correction algorithm is 
employed to generate error correction data, which is transmitted 
with the second plurality of error correctable bearer data 
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packets. The second plurality of error correctable bearer data 
packets are corrected within the limits of the second selected 
error correction algorithm. The error rate level of the 
communication channel between the first communications terminal 
and the second communications terminal is determined during the 
second multi- frame. A third error correction algorithm, which 
can be the same as or different from the second selected error 
correction algorithm, is selected from the plurality of error 
correction algorithms based in part upon the determined error 
rate level. 

The third selected error correction algorithm is employed 
to correct the third plurality of error correctable bearer data 
packets transmitted between the first communications terminal and 
the second communications terminal during the third multi-frame. 
This error correction algorithm selection and error correctable 
bearer data packet correction process is repeated during future 
multi -frames . 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a representative block diagram of a wireless 
communication system cell showing an FEC dynamic central station 
communicating with a plurality of FEC dynamic remote stations; 
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Fig. 2 depicts TDMA/FDD formatted downlink time frames 
and uplink time frames divided into a plurality of time slots; 

Fig. 3 depicts TDMA/TDD formatted downlink/uplink time 
frames divided into a plurality of time slots; 

Fig. 4A is a representative block diagram of the FEC 
dynamic central station and one of the FEC dynamic remote 
stations; 

Fig. 4B is a representative block diagram of an 
alternative embodiment of the FEC dynamic central station and one 
of the FEC dynamic remote stations; 

Fig. 5A is a representative block diagram of an FEC 
dynamic remote station processor; 

Fig. 5B is a representative block diagram of an 
alternative embodiment of an FEC dynamic remote station 
processor; 

Fig. 6 is a representative block diagram of an FEC 

dynamic central station processor; 

Fig. 7 depicts TDMA formatted multi -frames divided into a 

plurality of time frames; 

Fig. 8 depicts the arrangement of Figs. 8A and 8B; 

Figs. 8A and 8B are a flow diagram illustrating a 
protocol for dynamically selecting an error correction algorithm; 

OC-20240.1 

- 8 - 



226/051 
PATENT 



Fig. 9 depicts the arrangement of Figs. 9A and 9B; and 
Figs. 9A and 9B are a flow diagram illustrating an 

alternative protocol for dynamically selecting an error 

correction algorithm. 



DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 depicts a TDMA wireless communication system 100 
arranged to operate in accordance with a preferred embodiment of 
the present inventions. An FEC dynamic central station 104 is 
depicted as communicating with respective FEC dynamic remote 
stations 106 within a cell 102. The cell 102 can be a macro- 
cell, micro-cell, wireless local loop, or any network in which 
multiple communication devices can communicate with one another. 
The FEC dynamic central station 104 can be a base station, base 
station controller, mobile switching center, or any communication 
device that can communicate with multiple remote stations. The 
FEC dynamic remote stations 106 can be any combination of remote 
terminals (e.g., mobile handsets, wireless modems or wireless 
local loop terminals) . 

The FEC dynamic central station 104 and respective FEC 
dynamic remote stations 106 communicate in a Time Division 
Multiple Access/Frequency Division Duplex (TDMA/ FDD) format. 
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That is, respective communications between the FEC dynamic 
central station 104 and each of the FEC dynamic remote stations 
106 are time isolated, and the downlink communication between the 
FEC dynamic central station 104 and a particular FEC dynamic 
5 remote station 106 is frequency isolated from the uplink 

communication between the FEC dynamic central station 104 and 
that particular FEC dynamic remote station 106. The FEC dynamic 
central station 104 transmits data to the FEC dynamic remote 
h t stations 106 over a single downlink frequency, such as, 1960 MHZ, 
1,10 and the FEC dynamic remote stations 106 transmit data to the FEC 
yl dynamic central station 104 over a single uplink frequency, such 
ul as, 1880 MHZ. 

tii As shown in Fig. 2, the downlink frequency is divided 

B into cyclically repeating downlink time frames 108(1), and the 
Mis uplink frequency is divided into cyclically repeating uplink time 
frames 108(2). The time frames 108(1)/ (2) are further divided 
into respective sets of time slots 110(1)/ (2). The uplink time 
frames 108(2) are synchronized with the downlink time frames 
108 (1) . 

20 The FEC dynamic remote stations 106 are respectively 

assigned time slots 110(1) in the downlink time frames 108(1) 
during which they receive downlink error correctable bearer data 
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packets from the FEC dynamic central station 104 (in this case, 
time slots Dl, D3, D5, and D6 for respective FEC dynamic remote 
stations 1-4) . As such, the FEC dynamic central station 104 is 
assigned the same time slots 110(1) during which it transmits 
5 downlink error correctable bearer data packets to the respective 
FEC dynamic remote stations 106. The FEC dynamic remote stations 
106 are respectively assigned time slots 110(2) in the uplink 
time frames 108(2) during which they transmit uplink error 
U correctable bearer data packets to the FEC dynamic central 
l!0 station 104 (in this case, time slots U4, U6, U8, and Ul for 
111 respective FEC dynamic remote stations 1-4) . As such, the FEC 
^ dynamic central station 104 is assigned the same respective time 
TA slots 110 during which it receives uplink error correctable 
Co bearer data packets from the respective FEC dynamic remote 
Ml 5 stations 106. As can be seen, several time slots of delay, and 
in this case three, are induced between corresponding downlink 
time slots 110(1) and uplink time slots 110(2) to obviate the 
need for installing additional equipment in the FEC dynamic 
remote stations 106. Depending on the particular protocol of the 
20 system, the empty time slots 110(1)/ (2) are used as idle time 

slots for anticipated usage by other FEC dynamic remote stations 
106, or alternatively, to support various other functions, such 
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as transmission of control data between the FEC dynamic central 
station 104 and the FEC dynamic remote stations 106 or 
transmission of broadcast data from the FEC dynamic central 
station 104. 

Alternatively, the wireless communications system 100 is 
configured in a TDMA/TDD format, wherein a single frequency is 
utilized for both downlink and uplink transmission of bearer 
data, and the downlink communication between the FEC dynamic 
central station 104 and a particular FEC dynamic remote station 
106 is time isolated from the uplink communication between the 
FEC dynamic central station 104 and that particular FEC dynamic 
remote station 106. As shown in Fig. 3, the downlink/uplink 
frequency is divided into cyclically repeating time frames 
108(3), which are further divided into time slots 110(3). Half 
of the time slots 110(3) are dedicated to downlink transmissions 
of data, and half of the time slots 110(3) are dedicated to 
uplink transmissions of data. It should be noted, however, that 
number of time slots 110(3) dedicated to the respective downlink 
and uplink transmissions can be unbalanced. Each FEC dynamic 
remote station 106 is assigned a pair of time slots 110(3) during 
which it can respectively receive downlink error correctable 
bearer data packets from the FEC dynamic central station 104 and 
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transmit uplink error correctable bearer data packets to the FEC 
dynamic central station 104 (in this case, time slots {01,111) , 
(D2,U2), (03,113), and (D4,U4) for respective FEC dynamic remote 
stations 1-4) . As such, the FEC dynamic central station 104 
transmits downlink error correctable bearer data packets to the 
respective FEC dynamic remote stations 106 and receives uplink 
error correctable bearer data packets from the respective FEC 
dynamic remote stations 106 during the same pairs of time slots 
110 (3) . 

Although Fig. 1 depicts only four FEC dynamic remote 
stations 106 in communication with the FEC dynamic central 
station 104 over a single frequency pair (TDMA/FDD) or single 
frequency (TDMA/TDD) , in reality, the FEC dynamic central station 
104 simultaneously communicates with many other FEC dynamic 
remote stations 106 over a broad range of frequencies or 
frequency pairs . 

Fig. 4A depicts a block diagram of the FEC dynamic 
central station 104 and one of the FEC dynamic remote stations 
106 of the wireless communications system 100 in communication 
with each other. The FEC dynamic central station 104 and the FEC 
dynamic remote station 106 utilize a reciprocal adaptive FEC 
arrangement to ensure proper and efficient communication between 
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the FEC dynamic central station 104 and the FEC dynamic remote 
station 106. 

The FEC dynamic remote station 106 transmits uplink error 
correctable bearer data packets to the FEC dynamic central 
5 station 104 in accordance with the TDMA/ FDD or TDMA/TDD 

arrangement as respectively depicted in Figs. 2 and 3. The FEC 
dynamic remote station 106 comprises a processor 112 that 
orchestrates the timing of the error correctable uplink bearer 
;;f data transmissions. The uplink error correctable bearer data 
,10 packets comprise uplink traffic data originating from an 

input/output device 114 electrically coupled to the FEC dynamic 
remote station 106. The input/output device 114 is typically a 
voice encoder/decoder or data source/sink, such as, e.g., a 
personal computer (PC) . The processor 112 is electrically 
15 coupled to and performs handshaking operations with the 

input/output device 114 during which uplink traffic data is 
transferred from the input/output device 114. The amount of 
uplink traffic data transferred from the input/output device 114 
to form a single uplink bearer data packet can be varied by the 
20 processor 112. The input/output device 114 is electrically 
coupled and transfers uplink bearer data packets to an error 
detection encoder 116. 
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The processor 112 is also electrically coupled and 
transfers uplink control data (such as, e.g., status data 
informing the FEC dynamic central station 104) , to the error 
detection encoder 116. The error detection encoder 116 appends 
5 the uplink bearer data packet with the uplink control data. The 
error detection encoder 116 also generates error detection data 
according to a cyclical redundancy check (CRC) algorithm and 
appends the uplink bearer data packet with the error detection 
^ data. The error detection encoder 116 can, however, employ other 
1:10 types of error detection algorithms without straying from the 
Ml principles taught by this invention. 

|IJ The error detection encoder 116 is electrically coupled 

m to an error correction encoder 118, which appends error 
El correction data onto the uplink bearer data packet according to 
^is an error correction algorithm, and in this case a Hamming error 
correction algorithm, to form an uplink error correctable bearer 
data packet. In alternative embodiments, a single error 
correction/error detection encoder comprises the error correction 
encoder 118 and error detection encoder 116. 
20 The error correction encoder 118 is dynamic in that it is 

configured to employ, on-command, no error correction algorithm, 
thus generating no error correction data; a low-level Hamming 

OC-20240.1 

- 15 - 



226/051 
PATENT 

error correction algorithm, which generates error correction data 
requiring 20% overhead to transmit for each uplink error 
correctable bearer data packet; or a high-level Hamming error 
correction algorithm, which generates error correction data 
requiring 10 0% overhead to transmit for each uplink error 
correctable bearer data packet. The overhead percentage is 
defined as the amount of error correction data relative to the 
amount of traffic data in an error correctable bearer data 
packet. As described further below, the processor 112 
dynamically selects the particular error correction algorithm to 
be employed by the error correction encoder 118. In alternative 
embodiments, the particular type and amount of error correction 
algorithms available to the error correction encoder 118 vary 
from those described above. For instance, eleven error 
correction algorithms, whether of the Hamming type or otherwise, 
can be employed, with the overhead of the error correction 
algorithms varying by 10% between a range of 0% and 100%. In 
further alternative embodiments, an error correction algorithm 
can be variable, so that, rather than selecting an error 
correction algorithm, the overhead of the error correction 
algorithm is varied. 
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The error correction encoder 118 is electrically coupled 
to a modulator 120, which modulates the uplink error correctable 
bearer data packet onto a carrier frequency. The modulator 12 0 
is electrically coupled to transmitter 122, which amplifies and 
filters the uplink error correctable bearer data packet. The 
transmitter is electrically coupled to an antenna 124, which 
transmits the uplink error correctable bearer data packet over- 
the-air to the FEC dynamic central station 104. 

The FEC dynamic remote station 106 also receives downlink 
error correctable bearer data packets from the FEC dynamic 
central station 104 in accordance with the TDMA/FDD or TDMA/TDD 
arrangement respectively depicted in Figs. 2 and 3. As with the 
uplink bearer data transmissions, the FEC dynamic remote station 
processor 112 orchestrates the timing of the downlink bearer data 
reception. The downlink error correctable bearer data packets 
comprise downlink traffic data originating from an input/output 
device 114 1 electrically coupled to the FEC dynamic central 
station 104. The input/output device 114' on the FEC dynamic 
central station 104 side of the wireless communications system 
100 is typically an interface to a communications network, such 
as, e.g., a Public Switched Telephone Network (PSTN), or a data 
network, such as, e.g., the internet. 
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The antenna 124 receives a downlink error correctable 
bearer data packet over-the-air from the FEC dynamic central 
station 104. The antenna 124 is electrically coupled to the 
receiver 12 6, which selects the downlink error correctable bearer 
data packet channel. The receiver 12 6 is electrically coupled to 
a demodulator 128, which extracts the downlink error correctable 
bearer data packet from the radio frequency carrier. 

The demodulator 128 is electrically coupled to an error 
correction decoder 13 0, which processes and corrects the downlink 
error correctable bearer data packet according to an error 
correction algorithm, and in this case, a Hamming error 
correction algorithm. Like the error correction encoder 118, the 
error correction decoder 130 is dynamic in that it is configured 
to operate in a manner consistent with the encoder algorithm 
applied to the current error correctable bearer data packet. As 
described further below, the processor 112 dynamically selects 
the particular error correction algorithm to be employed by the 
error correction decoder 13 0. In alternative embodiments, the 
particular type and amount of error correction algorithms 
available to the error correction decoder 13 0 vary from those 
described above. 
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The error correction decoder 130 can only correct the 
downlink error correctable bearer data packet within the limits 
of the particular error correction algorithm employed. Although 
the error correction decoder 13 0 attempts to correct the downlink 
error correctable bearer data packet, it is possible that the 
error correction decoder 13 0 can output a corrected downlink 
error correctable bearer data packet with a residual error. 

The error correction decoder 13 0 is electrically coupled 
and transfers the corrected downlink error correctable bearer 
data packet to an error detection decoder 132, which processes 
and detects any residual errors in the corrected downlink error 
correctable bearer data packets according to an error detection 
algorithm, such as a CRC error detection algorithm. The error 
detection decoder 132 can, however, employ other types of error 
detection algorithms without straying from the principles taught 
by this invention. In alternative embodiments, a single error 
correction/error detection decoder comprises the error correction 
decoder 130 and error detection decoder 132. 

The error detection decoder 132 separates the downlink 
control data from the corrected downlink bearer data packet, and 
may provide an indication that the corrected bearer data packet 
still has an error, initiating a bearer data packet 
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retransmission. The error detection decoder 132 is electrically 
coupled and transfers the downlink bearer data packet to the 
input/output device 114 as downlink traffic data. The error 
detection decoder 132 is also electrically coupled and transfers 
the control data to the processor 112. The processor 112 is 
electrically coupled to and performs handshaking operations with 
the input/output device 114 during which downlink traffic data is 
transferred to the input/output device 114. The amount of 
downlink traffic data transferred to the input /output device 114 
can be varied by the processor 112. 

The FEC dynamic remote station processor 112 not only 
controls the timing of the transmission and reception functions 
of the FEC dynamic remote station 106, but is also internally 
configured and arranged with the input/output device 114, error 
correction encoder 118, error correction decoder 13 0, and error 
detection decoder 132 to orchestrate the reciprocal dynamic FEC 
arrangement of the present invention. 

As shown in Fig. 5A, the FEC dynamic remote station 
processor 112 comprises a Central Processing Unit (CPU) 134, 
which performs the processing functions in the FEC dynamic remote 
station 106. The processor 112 further comprises instructions 
that allow the FEC dynamic remote station 106 to dynamically 
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generate uplink error correctable bearer data packets and 
dynamically correct downlink error correctable bearer data 
packets in accordance with the present inventions. These 
instructions preferably take the form of a computer software 
program embedded in memory, such as, e.g., a ROM chip, or fixed 
logic, such as, e.g., an ASIC, which can be either on-board or 
separate from the CPU 134. The FEC dynamic remote station 
processor 112 further comprises various memory locations for the 
storage of status data concerning the FEC arrangement employed by 
the wireless communications system 100. For the purposes of 
illustration, these memory locations are depicted in Fig. 5A as 
registers. It should be understood, however, that any memory 
storage vehicle that allows for the storage and access of data 
can be employed. 

The FEC dynamic remote station processor 112 tracks the 
respective error correction algorithms that are employed by the 
error correction encoder 118 and error correction decoder 130. 
The processor 112 comprises an uplink algorithm specification 
register 13 6, which stores a data value (A) indicating the type 
and level of the error correction algorithm that is employed by 
the FEC dynamic remote station 106 to append the current uplink 
error correctable bearer data packet with error correction data. 
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The data value (A) stored in the uplink algorithm specification 
register 13 6 is either equal to w 0" indicating no error 
correction algorithm, "1" indicating the low-level error 
correction algorithm, or "2" indicating the high-level error 
correction algorithm. Again, the present invention is not to be 
limited to these particular error correction algorithms and can 
include other types of error correction algorithms without 
departing from the principles taught by this invention. As shown 
in Fig. 4A, the processor 112 is electrically coupled to the 
error correction encoder 118, so that the processor 112 can, 
after accessing the uplink algorithm specification register 136, 
transmit a control signal to the error correction encoder 118, 
specifying the particular error correction algorithm to be 
employed by the error correction encoder 118 when appending the 
current uplink error correctable bearer data packet with error 
correction data. 

The FEC dynamic remote station processor 112 comprises a 
downlink algorithm specification register 138, which stores a 
data value (B) indicating the type and level of the error 
correction algorithm employed by the FEC dynamic remote station 
106 to correct the current downlink error correctable bearer data 
packet with error correction data. The data value (B) stored in 
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the downlink algorithm specification register 138 is equal to 
either "0" indicating no error correction algorithm, "1" 
indicating the low- level error correction algorithm, or "2" 
indicating the high-level error correction algorithm. As shown 
5 in Fig. 4A, the processor 112 is electrically coupled to the 
error correction decoder 13 0, so that the processor 112 can, 
after the CPU 134 accesses the downlink algorithm specification 
register 138, transmit a control signal to the error correction 
*;;f decoder 13 0 specifying the particular error correction algorithm 
lio to be employed by the error correction decoder 13 0 when 
l;l correcting the current downlink error correctable bearer data 
™ packet . 

As shown in Fig. 7, cyclically repeating time frames 108 
m are grouped into cyclically repeating multi- frames 156. The time 
Ml 5 frames 108 commonly represent the TDMA/FDD formatted downlink 

time frames 108(1) and uplink time frames 108(2) shown in Fig. 2 
and the TDMA/TDD formatted downlink/uplink time frames 108(3) 
shown in Fig. 3. The multi-frames 156 commonly represent 
downlink multi-frames 156(1) and uplink time frames 156(2) 
20 respectively comprising the TDMA/FDD formatted downlink time 
frames 108(1) and uplink time frames 108(2), and the 
downlink/uplink multi-frames 156(3) comprising the TDMA/TDD 

OC-20240.1 

- 23 - 



226/051 
PATENT 

formatted downlink/uplink time frames 108(3) . The number of time 
frames 108 in each multi-frame 156 is dictated by the particular 
time frame 108 during which the FEC dynamic remote station 
processor 112 selects an error correction algorithm. That is, 
the processor 112 only selects an error correction algorithm 
during a particular time frame 108 considered as the last time 
frame 108 of the multi- frame 156, which may not have a fixed 
number of time frames 108. 

The processor 112 comprises a time frame incremental 
register 14 0, which stores a data value (i) indicating the number 
of time frames 108 that have passed in the current multi -frame 
156. As shown in Fig. 4A, the error detection decoder 132 is 
electrically coupled to the processor 112, so that the error 
detection decoder 132 can send a control signal to the processor 
112 indicating receipt of a downlink error correctable bearer 
data packet. For each control signal sent from the error 
detection decoder 132 indicating that a downlink error 
correctable bearer data packet has been received by the FEC 
dynamic remote station 106, the data value (i) in the time frame 
incremental register 140 is incremented by one. The processor 
112 comprises a multi-frame register 142, which stores a data 
value (L) indicating the time frame 108 of the current multi- 
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frame 156 during which the processor 112 selects the error 
correction algorithm. The data value (L) is set by specifying 
the number of time frames 108 in the current multi-frame 156. 

The CPU 134 compares the data value (i) in the time frame 
incremental register 140 with the data value (L) in the multi- 
frame register 142 to determine whether the current time frame 
108 is the last time frame 108 in the current multi-frame 156, 
and thus whether the error correction algorithm should be 
currently selected. For instance, if the data value (L) is set 
to 100, the current multi-frame 156 includes 100 time frames 108. 
The CPU 134 selects the error correction algorithm if the data 
value (i) equals 100 , indicating the 100th and last time frame 
108 of the current set of 100 time frames 108. 

The FEC dynamic remote station processor 112 determines 
an error rate level of the communication channel between the FEC 
dynamic remote station 106 and the FEC dynamic central station 
104, and more particularly an actual block error rate (BLER) 
level of the downlink error correctable bearer data packets 
transmitted during the current multi-frame 156. It should be 
noted that for purposes of this specification, the current BLER 
level refers to the current BLER or any estimations thereof. The 
processor 112 comprises a BLER incremental register 144 that 
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stores a data value (j) equal to the number of corrected downlink 
bearer data packets in which at least one residual error, i.e., a 
defective corrected downlink bearer data packet, exists. The 
current BLER level can be determined from the data value (j) . 
The error detection decoder 132 is electrically coupled to the 
processor 112, so that the error detection decoder 132 can send 
to the processor 112 a control signal indicating the presence of 
a defective corrected downlink bearer data packet. For each 
control signal sent from the error detection decoder 132 
indicating the presence of a defective corrected downlink bearer 
data packet, the data value (j) in BLER incremental register 144 
is incremented by one. 

As previously stated, during the last time frame 108 of 
the current multi-frame 156, the FEC dynamic remote station 
processor 112 selects one of the three error correction 
algorithms to be employed by the error correction encoder 118 1 of 
the FEC dynamic central station 104 and the error correction 
decoder 13 0 of the FEC dynamic remote station 106 during the next 
multi- frame 156. The processor 112 comprises a minimum BLER 
threshold set register 146 and a maximum BLER threshold set 
register 148, which respectively store data values (M) and (N) 
indicating the minimum tolerable BLER level, the triggering of 
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which would indicate that the current error correction algorithm 
is too robust, and the maximum tolerable BLER level, the 
triggering of which would indicate that the current error 
correction algorithm is not robust enough. Thus, data value (M) 
5 is set by specifying a minimum BLER threshold level equal to a 
current BLER level that will trigger selection of the next lower 
error correction algorithm. Similarly, data value (N) is set by 
specifying a minimum BLER threshold level equal to a current BLER 
l i level that will trigger selection of the next higher error 
L10 correction algorithm. Because the data value (N) represents a 
111 higher threshold than does the data value (M) , the data value (N) 
yJ is greater than the data value (M) . 

S The CPU 134 respectively compares the data value (j) in 

m the BLER incremental register 144 with the data value (M) in the 
^1.5 minimum BLER threshold set register 146 and the data value (N) in 
the maximum BLER threshold set register 148 to determine which 
error correction algorithm is selected. For instance, if the 
data value (M) is set to 5, and the data value (N) is set to 15, 
the CPU 134 selects the next lower error correction algorithm if 
20 the data value (j) is less than 5. In this case, if the high- 
level error correction algorithm is currently being used, the CPU 
134 selects the low-level error correction algorithm, and if the 
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low- level error correction algorithm or no error correction 
algorithm is currently being used, the CPU 134 selects no error 
correction algorithm. If the data value (j) is equal to or 
greater than 5 and equal to or less than 15, the CPU 134 selects 
the current error correction algorithm. If the data value (j) is 
greater than 15, the CPU 134 selects the next higher error 
correction algorithm. In this case, if the low-level error 
correction algorithm or the high-level error correction algorithm 
is currently being used, the CPU 134 selects the high-level error 
correction algorithm, and if no error correction algorithm is 
currently being used, the CPU 134 selects the low-level error 
correction algorithm. 

In this manner, the CPU 134 maintains the number of 
defective corrected downlink bearer data packets between a 
minimum and a maximum threshold, resulting in the employment of 
an error correction algorithm that maintains the current BLER 
level at a tolerable level while at the same time not creating 
excessive overhead. It should be noted that the selection of the 
error correction algorithm is relative in that the error 
correction algorithm selected is based on the error correction 
algorithm currently employed. 
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During dynamic communication conditions, wherein the 
quality of the communications channel may vary widely over time, 
the data value (L) in the multi- frame register 142 is set to a 
relatively low value, so that the wireless communications system 
100 can quickly compensate for the dynamic communication 
conditions. During stable communication conditions when the 
quality of the communications channel varies little over time, 
the data value (L) in the multi-frame register 142 is set to a 
relatively high value, so that the wireless communications system 
100 does not unnecessarily use CPU processing time. 

The processor 112 determines the dynamic communication 
conditions and occasionally adjusts the number of time frames 108 
in a given multi-frame 156 by adjusting the data value (L) in the 
multi-frame register 142. The processor 112 comprises a dynamic 
incremental register 150, which stores a data value (k) 
indicating the number of consecutive times the CPU 134 has 
selected the same error correction algorithm. If the CPU 134 
selects the same error correction algorithm in the last time 
frame 108 of the current multi-frame 156 as that selected by the 
CPU 134 in the last time frame 108 of the previous multi-frame 
156, the CPU 134 increments the data value (k) in the dynamic 
incremental register by one. 
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The processor 112 comprises a low stability threshold set 
register 152 and a high stability threshold set register 154, 
which respectively store a data value (P) indicating a low 
stability threshold, and a data value (Q) indicating a high 
5 stability threshold. The data value (P) is set by specifying a 
low stability threshold value equal to the number of consecutive 
selections of the same error correction algorithm on which 
selection of either decreasing or maintaining the number of time 
L ;i frames 108 in the next mult i- frame 156 (i.e., data value (L) ) is 
pLO based. The data value (Q) is set by specifying a high stability 
Ul threshold value equal to the number of consecutive selections of 
s - the same error correction algorithm on which selection of either 
J;;; maintaining or increasing the number of time frames 108 in the 
m next multi- frame 156 is based. Because data value (Q) represents 
M15 a higher threshold than does the data value (P) , the data value 
(Q) is greater than the data value (P) . 

If a different error correction algorithm is selected, 
the CPU 134 compares the data value (k) with the data value (P) 
in the low stability threshold set register 152 to determine 
20 whether the data value (L) in the multi-frame register 142 should 
be decreased or maintained. In this case, the data value (k) 
need not be compared to the data value (Q) in the high stability 
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threshold set register 154, since the necessity to increase the 
data value (L) would only be triggered by a highly stable 
communication channel. 

If the same error correction algorithm is selected, the 
CPU 134 compares the data value (k) with the data value (Q) in 
the high stability threshold set register 152 to determine 
whether the data value (L) in the multi-frame register 142 should 
be increased or maintained. In this case, the data value (k) 
need not be compared to the data value (P) in the low stability 
threshold set register 154, since the necessity to decrease the 
data value (L) would only be triggered by a highly dynamic 
communication channel. 

Thus, by way of non-limiting example, if the data value 
(P) is set to 10, the data value (Q) is set to 30, the data value 
(L) is decreased if the data value (k) is less than 10 upon 
selection of a different error correction algorithm, increased if 
the data value (k) is greater to or equal to 30 upon selection of 
the same error correction algorithm, and maintained in all other 
cases . 

Alternatively, rather than varying the data value (L) in 
the multi -frame register 142 based on the number of consecutive 
times selection of the same error correction algorithm occurs, as 
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described above, variance of the data value (L) can be based on 
the ratio of the number of times selection of an error correction 
algorithm was changed or not changed over a set number of multi- 
f rames . 

Referring to Fig. 4B, an alternative embodiment of an FEC 
dynamic remote station 206 is described. In this embodiment, 
rather than determining a current BLER level based on the number 
of defective corrected downlink bearer data packets received by 
the error detection decoder 132 as previously described, a 
current bit error rate (BER) level is determined by measuring the 
number of bit errors in the downlink bearer data packets received 
by the error correction decoder 130. It should be noted that for 
purposes of this specification, the current BER level refers to 
the actual BER or any estimations thereof. The FEC dynamic 
remote station 206 is similar to the FEC dynamic remote station 
106, with the exception that the error correction decoder 130 is 
electrically coupled to a processor 212 to transfer a control 
signal thereto indicating the number of bit errors that exist in 
an uncorrected downlink bearer data packet. In such a case, the 
error detection encoder 116 and/or error detection decoder 132 is 
not required for purposes of obtaining the current BLER level, 
although in some cases, may be required for purposes of 
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indicating to the FEC dynamic remote station 2 06 or base station 
104 (via an ARQ signal) that a defective corrected bearer data 
packet (i.e., contains a residual error) has been received as 

described above. 

As depicted in Fig. 5B, the processor 212 is similar to 
the processor 112, with the exception that, instead of the BLER 
incremental register 144, minimum BLER threshold set register 146 
and maximum BLER threshold set register 148, the processor 212 
includes a BER incremental register 244, first -level BER 
threshold set register 246 and a second-level BER threshold set 
register 248. The BER incremental register 244 stores a data 
value (p) equal to the number of bit errors received by the FEC 
dynamic remote station 204. The current BER level can be 
determined from data value (p) . For each control signal sent 
from the error correction decoder 130 indicating the number of 
bit errors in an uncorrected downlink bearer data block, the data 
value (p) in the BER incremental register 244 is incremented by 
that number. 

The first-level BER threshold set register 246 stores a 
data value (R) indicating the BER threshold level between 
selection of no error correction algorithm and the low- level 
error correction algorithm. The second- level BER threshold set 
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register 248 stores a data value (S) indicating the BER threshold 
level between selection of the low-level error correction 
algorithm and the high-level error correction algorithm. Thus 7 
data value (R) and data value (S) are set by defining three 
ranges of bit error values that will respectively result in the 
selection of no error correction algorithm, the low-level error 
correction algorithm, and the high-level error correction 
algorithm. 

The CPU 234 respectively compares the data value (p) in 
the BER incremental register 244 with the data value (R) in the 
first-level BER threshold set register 246 and the data value (S) 
in the second- level BER threshold level to determine which error 
correction algorithm is selected. For instance, if the data 
value (R) is set to 20, and the data value (S) is set to 50, the 
CPU 234 selects no error correction algorithm if the data value 
(p) is less then 20, the low level error correction algorithm if 
the data value (p) is equal to or greater than 2 0 and less than 
50, and the high-level error correction algorithm if the data 
value (p) is equal to or greater than 50. 

It should be noted that the number of threshold levels 
will equal the number of error correction algorithms less one. 
Thus, if eleven error correction algorithms can be selected, ten 
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threshold levels will be needed to define eleven ranges of 
defective bit values. 

It should also be noted that by measuring the number of 
defective bits received by the error correction decoder 13 0, the 
current BER level can be more accurately obtained. That is, this 
alternative method takes into account multiple bit errors in each 
downlink bearer data packet, as well as bit errors that would 
otherwise not be detected because of correction. Furthermore, 
because the current BER level is not based on the detection of 
errors after correction, absolute selection of an error 
correction algorithm can be accomplished. That is, selection of 
an error correction algorithm is not based on the error 
correction algorithm currently employed, facilitating a more 
flexible error correction algorithm selection process. Thus, the 
high-level error correction algorithm can be selected even if the 
error correction algorithm currently used is no error correction 
algorithm, and vice versa. 

The processor 112 comprises other registers, such as 
registers that store information concerning the time slots 110 
during which the FEC dynamic remote station 106 respectively 
transmits uplink error correctable bearer data packets and 
receives downlink error correctable bearer data packets, as well 
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as information relating to the FEC dynamic remote stations 106 in 
current communication with the FEC dynamic central station 104. 
For purposes of simplicity and ease of illustration, however, 
discussion of these registers is omitted. 

Preferably, the FEC dynamic remote station 106 includes 
any combination of digitizing, source coding and decoding, 
interleaving and de-interleaving, burst formatting, or ciphering 
and de-ciphering functions. For the purposes of simplicity and 
ease of illustration, however, these functions are not 
illustrated and described. 

Because the dynamic FEC arrangement employed by the 
wireless communications system 100 is reciprocal, the componentry 
of the FEC dynamic central station 104 is similar to that of the 
FEC dynamic remote station 106. That is, as shown in Fig. 4A, 
the FEC dynamic central station 104, like the FEC dynamic remote 
station 106, comprises an error detection encoder 116 T , error 
correction encoder 118' , modulator 120 transmitter 122 1 , and 
antenna 124 1 , which are all configured and arranged with each 
other and with the processor 112 1 and input/output device 114 1 to 
facilitate the transmission of error correctable bearer data 
packets to the FEC dynamic remote station 106. Likewise, the FEC 
dynamic central station 104 further comprises a receiver 126 
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demodulator 128', error correction decoder 130 and error 
detection decoder 132 ' , which are all configured and arranged 
with each other and with the processor 112 ' , antenna 124 ' and 
input/output device 114' to facilitate the reception of error 
correctable bearer data packets transmitted by the FEC dynamic 
remote station 106. 

As shown in Fig. 6, the FEC dynamic central station 
processor 112 1 , like the FEC dynamic remote station processor 
112, comprises a CPU 134 1 , which performs all of the processing 
functions in the FEC dynamic central station 104. The processor 
112 T further comprises instructions that allow the FEC dynamic 
remote station 106 to dynamically generate downlink error 
correctable bearer data packets and dynamically correct uplink 
error correctable bearer data packets. These instructions are in 
the form of registers, and in particular a downlink algorithm 
specification register 136 ! , which stores a data value (A 1 ); 
uplink algorithm specification register 138', which stores a data 
value (B'); time frame incremental register 140 ! , which stores a 
data value (i 1 ); multi-frame register 142 ' , which stores a data 
value ( L 1 ) ; BLER incremental register 144 1 , which stores a data 
value ( j 1 ) ; minimum BLER threshold set register 146' , which 
stores a data value (M 1 ), maximum BLER threshold set register 
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148', which stores a data value (N f ); dynamic incremental 
register 150 ' , which stores a data value (k 1 ); low stability 
threshold set register 152 1 , which stores a data value (P) ; and 
high stability threshold set register 154' , which stores a data 
value (Q) . 

It should be noted that the processor 112' provides for 
the measurement of current BLER levels. Quite similarly, but not 
shown, an FEC dynamic central station processor can be employed 
for providing the measurement of current BER levels, much like 
the FEC dynamic remote station processor 212. 

It should be further noted that, for purposes of 
simplicity in describing the principles of this invention, only 
the componentry in the FEC dynamic central station 104 is 
necessar y to communicate with various FEC dynamic remote stations 
106 over a single pair of downlink and uplink frequencies 
(TDMA/FDD) or a single downlink/uplink frequency pair (TDMA/TDD) 
is depicted in Figs. 4A, 4B and 6. In reality, the FEC dynamic 
central station 104 communicates with a multitude of FEC dynamic 
remote stations 106 over a range of downlink and uplink frequency 
pairs or downlink/uplink frequencies and includes other 
components not employed in the FEC dynamic remote station 104, 
such as a multiplexer and demultiplexer. Furthermore, the FEC 
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dynamic central station processor 112 1 includes a number of 
register sets equal to the system capacity of the wireless 
communications system 100 , i.e., the number of FEC dynamic remote 
stations 106 that the FEC dynamic central station 104 is able to 
communicate with. 

It should also be noted that the FEC arrangement employed 
by the FEC dynamic central station 104 is independent from the 
FEC arrangement employed by the FEC dynamic remote station 106, 
and thus, the error correction algorithm selected by the FEC 
dynamic central station 104 processor 112 1 to append downlink 
error correctable bearer data packets with error correction data 
does not necessarily correspond to the error correction algorithm 
selected by the FEC dynamic remote station processor 112 to 
append uplink error correctable bearer data packets with error 
correction data. Also, the present inventions are not limited to 
those wireless communications systems that employ a bilateral 
dynamic FEC arrangement as just described, but can also include 
wireless communications systems that employ a unilateral or 
asymmetric dynamic FEC arrangement. 

The following is a description of the operation of the 
wireless communications system 100. During the initial 
handshaking operation between the FEC dynamic central station 104 
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and the FEC dynamic remote station 106, data concerning the 
initial particulars of the FEC arrangement of the wireless 
communications system 100, as well as initiation data, such as 
identification data, time slot allocation data, and frequency 
allocation data is communicated between the FEC dynamic central 
station 104 and the FEC dynamic remote station 106. 

If the wireless communications system 100 employs a 
TDMA/FDD format, the downlink and uplink frequencies are 
different, and the FEC dynamic remote station 106 transmits and 
receives error correctable bearer data packets during staggered 
time slots 110(1) and 110(2) of respective independent time 
frames 108(1) and 108(2), as depicted in Fig. 2. If the wireless 
communications system 100 employs a TDMA/TDD format, the downlink 
and uplink frequencies are the same, and the FEC dynamic remote 
station 106 transmits and receives error correctable bearer data 
packets during different time slots 110(3) of the single time 
frame 108(3), as depicted in Fig. 3. Frequency and time slot 
assignment is orchestrated by the FEC dynamic central station 
104. 

After the initial handshaking operations between the FEC 
dynamic central station 104 and the FEC dynamic remote station 
106, the registers of the FEC dynamic central station processor 
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112' and the FEC dynamic remote station processor 112 are 
initialized, and downlink error correctable bearer data packets 
and uplink error correctable bearer data packets are alternately 
transmitted between the FEC dynamic central station 104 and the 
FEC dynamic remote station 106. 

With respect to the TDMA/FDD formatted system 100, the 
FEC dynamic central station 104 appends downlink error 
correctable bearer data packets with error correction data 
according to a selected error correction algorithm and 
respectively transmits these error correctable bearer data 
packets to the FEC dynamic remote station 106 in the respective 
downlink time frames 108(1) of a downlink multi-frame 156(1) . 
The FEC dynamic remote station 106 corrects the error correctable 
bearer data packets according to the selected error correction 
algorithm and determines a current BER level of the downlink 
communication channel between the FEC dynamic central station 104 
and the FEC dynamic remote station 106 during the last downlink 
time frame 108(1) of the downlink multi-frame 156(1) based on the 
bearer data received over the entire downlink multi-frame 156(1). 
The FEC dynamic remote station 106 selects, based on the current 
BER level, an error correction algorithm to be employed by the 
FEC dynamic central station 104 and the FEC dynamic remote 
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station 106 to respectively append and correct the downlink error 
correctable bearer data packets transmitted during the respective 
downlink time frames 108(1) of the next downlink multi-frame 
156 (1) . 

Likewise, the FEC dynamic remote station 106 appends 
uplink error correctable bearer data packets with error 
correction data according to a selected error correction 
algorithm and respectively transmits these error correctable 
bearer data packets to the FEC dynamic central station 104 in the 
respective uplink time frames 108(2) of an uplink multi-frame 
156(2). The FEC dynamic central station 104 corrects the error 
correctable bearer data packets according to the selected error 
correction algorithm and determines a current BER level of the 
uplink communications channel between the FEC dynamic central 
station 104 and the FEC dynamic remote station 106 during the 
last uplink time frame 108(2) of the uplink multi-frame 156(2) 
based on the bearer data received over the entire uplink multi- 
frame 156(2). The FEC dynamic central station 104 selects, based 
on the current BER level, an error correction algorithm to be 
employed by the FEC dynamic remote station 106 and the FEC 
dynamic central station 104 to respectively append and correct 
the uplink error correctable bearer data packets transmitted 
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during the respective uplink time frames 108(2) of the next 
uplink multi-frame 156(2) . 

Referring to Figs. 4-8, and more specifically to Fig. 8, 
the FEC dynamic central station processor 112 * and the FEC 
5 dynamic remote station processor 112 perform various steps in 
effecting the downlink transmission of consecutive error 
correctable bearer data packets during the respective downlink 
time frames 108(1) of each downlink multi-frame 156(1) according 

l i to the dynamic FEC arrangement of the present invention. 

llo At step 158, the data registers of the FEC dynamic 

»M 

Ul central station processor 112' and FEC dynamic remote station 

O processor 112 are initialized. The data value (A 1 ) in the 

;i downlink algorithm specification register 136 1 of the FEC dynamic 

#141 ' ' 

m central station processor 112 1 and the data value (B) in the 
=U15 downlink algorithm specification register 138 of the FEC dynamic 
remote station processor 112 are initially both set to "0", "1", 
or "2" to specify the particular error correction algorithm 
initially and respectively employed by the FEC dynamic central 
station 104 to generate error correction data and the FEC dynamic 
20 remote station 106 to process and correct the first downlink 

error correctable bearer data packet. The initial data values 
(A 1 ) and (B) will depend on the particular system requirements. 
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The data values (i) , (j), and (k) in the respective time 
frame incremental register 140, BLER incremental register 144, 
and dynamic incremental register 150 of the FEC dynamic remote 
station processor 112 are initialized to *0" . The data value (L) 
in the multi- frame register 142 is initialized to set the number 
of time frames 108 in the first multi-frame 156. The data value 
(M) in the minimum BLER threshold set register 146 and the data 
value (N) in the maximum BLER threshold set register 148 are 
initialized to respectively set the minimum BLER threshold level 
and the maximum BLER threshold level. The data value (P) in the 
low stability threshold set register 152 and the data value (Q) 
in the high stability threshold set register 154 are initialized 
to respectively set the low stability threshold and the high 
stability threshold. The initial data values (L) , (M) , (N) , (P) , 
and (Q) will vary with the particulars of the wireless 
communications system 100 and are set accordingly. 

At steps 160 to 176, the FEC dynamic central station 
processor 112 ? and the FEC dynamic remote station processor 112 
respectively configure the error correction encoder '118 and the 
error detection decoder 132 according to the current error 
correction algorithm, coordinate the transmission, reception, . and 
correction of respective downlink error correctable bearer data 
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packets during the current multi-frame 156, and select an error 
correction algorithm to be employed during the next multi- frame 
156. 

At step 160, the FEC dynamic central station processor 
112' configures the error correction encoder 118 1 , so that it 
employs the particular error correction algorithm specified in 
the downlink algorithm specification register 136' to generate 
the error correction data that is to be appended to the current 
downlink error correctable bearer data packet. The CPU 134 1 
accesses the downlink algorithm specification register 136 1 to 
obtain the current data value (A ' ) . If the data value (A 1 ) 
equals *0", the processor 112' sends a control signal to the 
error correction encoder 118' indicating that no error correction 
algorithm be employed. If the data value (A r ) equals "1", the 
processor 112 1 sends a control signal to the error correction 
encoder 118 1 indicating that the low-level error correction 
algorithm be employed. If the data value (A') equals any value 
but "0" or "1", the processor 112' sends a control signal to the 
error correction encoder 118' indicating that the high-level 
error correction algorithm be employed. 

At step 162, the FEC dynamic remote station processor 112 
configures the error correction decoder 130, so that it employs 
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the particular error correction algorithm specified in the 
downlink algorithm specification register 13 8 to process and 
correct the current downlink error correctable bearer data 
packet. The CPU 134 accesses the downlink algorithm 
specification register 13 8 to obtain the current data value (B) . 
If the data value (B) equals "0", the processor 112 sends a 
control signal to the error correction decoder 13 0 indicating 
that no error correction algorithm should be employed. If the 
data value (B) equals n\ the processor 112 sends a control 
signal to the error correction decoder 13 0 indicating that the 
low- level error correction algorithm should be employed. If the 
data value (B) equals any value but u 0" or "1", the processor 112 
sends a control signal to the error correction decoder 13 0 
indicating that the high-level error correction algorithm should 
be employed. It should be noted that the data value (A') in the 
downlink algorithm specification register 136* of the FEC dynamic 
central station processor 112 1 is equal to the data value (B) in 
the downlink algorithm specification register 138 of the FEC 
dynamic remote station processor 112, since the error correction 
encoder 118 1 of the FEC dynamic central station 104 and the error 
correction decoder 130 of the FEC dynamic remote station 106 
employ the same error correction algorithm to respectively 
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generate error correction data and correct the downlink error 
correctable bearer data packet. 

At step 164, the FEC dynamic central station processor 
112 1 directs the FEC dynamic central station 104 to transmit a 
downlink error correctable bearer data packet during a time slot 
110(1) of the current downlink time frame 108(1) which the FEC 
dynamic remote station 106 is designated to receive an error 
correctable downlink bearer data packet (shown as time slot 3 in 
Fig. 7) . 

If an Automatic Retry Request (ARQ) signal transmitted by 
the FEC dynamic remote station 106 indicating the receipt of a 
previously transmitted defective corrected bearer data packet, as 
described further below, was not received by the FEC dynamic 
central station 104, the FEC dynamic central station processor 
112 1 directs the input/output device 114 1 electrically coupled to 
the FEC dynamic central station 104 to transfer downlink traffic 
data to the error detection encoder 116 1 as a downlink bearer 
data packet. The amount of downlink traffic data transferred to 
the error detection encoder 116' will depend on the particular 
error correction algorithm employed by the error correction 
encoder 118 f . That is, the processor 112 1 directs the 
input/output device 114 1 to increase the amount of downlink 
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traffic data transferred as error correction data overhead 
decreases. Contrariwise, the processor 112' directs the 
input/output device 114' to decrease the amount of downlink 
traffic data transferred as the error correction data overhead 
increases. The processor 112' then transfers downlink control 
data to the error detection encoder 116 1 where it is appended to 
the downlink bearer data packet. The error detection encoder 
116 1 generates error detection data according to the CRC error 
detection algorithm and appends the downlink bearer data packet 
with the generated error detection data. The error detection 
encoder 116 1 then transfers the downlink bearer data packet to 
the error correction encoder 118 1 . The error correction encoder 
118' then encodes the downlink bearer data packet with error 
correction data according to the error correction algorithm 
specified by the processor 112' to form an error correctable 
downlink bearer data packet. 

If an ARQ signal was received, the FEC dynamic central 
station processor 112 f directs the input/output device 114 1 to 
not transfer downlink traffic data to the error correction 
encoder 118'. Instead, the previous downlink error correctable 
bearer data packet stored in the error correction encoder is re- 
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transmitted as the current downlink error correctable bearer data 
packet . 

The downlink error correctable bearer data packet is then 
transferred to the modulator 120 1 and transmitter 112 1 , where it 
is respectively modulated with a downlink carrier frequency, and 
amplified and filtered. The downlink error correctable bearer 
data packet is then transferred to the antenna 124 1 , where it is 
transmitted over-the-air to the antenna 124 of the FEC dynamic 
remote station 106. 

At step 166, the FEC dynamic remote station processor 112 
directs the FEC dynamic remote station 106 to receive the 
downlink error correctable bearer data packet transmitted over- 
the-air from the FEC dynamic central station 104 during the 
downlink time slot 110(1) of the current downlink time frame 
108(1) . The downlink error correctable bearer data packet is 
received by the antenna 124, and transferred to the receiver 12 6 
and the demodulator 128, where it is respectively filtered and 
demodulated from the carrier frequency. The downlink error 
correctable bearer data packet is then transferred to the error 
correction decoder 130. The error correction decoder 130 then 
processes and corrects, within the limits of the error correction 
algorithm specified by the processor 112, the downlink error 
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correctable bearer data packet to generate a corrected downlink 
bearer data packet. The corrected downlink bearer data packet is 
then transferred to the error detection decoder 132, where it is 
processed to determine the existence of any residual errors. 

At step 168, the FEC dynamic remote station processor 112 
remedies any residual errors in the corrected bearer data packet . 
If the error detection decoder 132 does not sense a residual 
error in the corrected downlink bearer data packet, the error 
detection decoder 132 sends a control signal to the processor 112 
indicating that the error detection decoder 132 currently 
possesses a valid downlink bearer data packet. The downlink 
control data is then separated from the corrected downlink bearer 
data packet. The valid downlink bearer data packet is 
transferred to the input/output device 114 electrically coupled 
to the FEC dynamic remote station 106 as downlink traffic data. 
The downlink control data originating from the FEC dynamic 
central station 104 is transferred to the processor 112, where it 
is accordingly processed. In response to no residual errors in 
the corrected downlink bearer data packet, the CPU 134 increments 
by one the data value (i) in the time frame incremental register 
140 . 
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If the error detection decoder 132 senses at least one 
residual error in the corrected downlink bearer data packet, the 
error detection decoder 132 sends a control signal to the 
processor 112 indicating that the error detection decoder 132 
currently possesses a defective corrected downlink bearer data 
packet . 

If the input /output device 114 is not delay- sensitive, 
such as, e.g., a PC, the defective corrected downlink bearer data 
packet is not transferred to the input/output device 114. 
Instead, the FEC dynamic remote station processor 112 directs the 
FEC dynamic remote station 106 to transmit an ARQ control signal 
during the next available control time slot. 

If the input/output device 114 is delay- sensitive, such 
as, e.g., a voice encoder/decoder, the downlink control data is 
separated from the corrected downlink bearer data packet. The 
defective corrected downlink bearer data packet is transferred to 
the input/output device 114 electrically coupled to the FEC 
dynamic remote station 106 as downlink traffic data. The 
processor 112, however, will send a control signal to the 
input/output device 114 indicating the existence of defective 
downlink traffic data. The input/output device 114 then 
processes the downlink traffic data accordingly. The downlink 
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control data originating from the FEC dynamic central station 104 
is transferred to the processor 112, where it is accordingly 
processed. In response to an indicated defective corrected 
bearer data packet, the CPU 134 increments by one, both the data 
value (i) in the time frame incremental register 140 and the data 
value (j) in the BLER incremental register 144. 

At step 170, the FEC dynamic remote station processor 112 
determines whether the current downlink time frame 108(1) is the 
last time frame in the current downlink multi-frame 156(1). That 
is, the FEC dynamic remote station processor 112 determines 
whether the next error correction algorithm should currently be 
selected. The CPU 134 accesses the time frame incremental 
register 140 to obtain the data value (i) , and thus, the current 
downlink time frame 108(1). The CPU 134 also accesses the multi- 
frame register 144 to obtain the data value (L) , and thus the 
number of downlink time frames 108(1) in the current multi-frame 
156(1). The CPU 134 compares the data value (i) with the data 
value (L) . If the data value (i) does not equal the data value 
(L) , the wireless communications system 100 goes to step 164 
whereat the FEC dynamic central station processor 112' directs 
the FEC dynamic central station 104 to transmit the next downlink 
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error correctable bearer data packet during the next downlink 
time frame 108(1) of the current downlink multi-frame 156(1). 

If the data value (i) equals the data value (L) , the FEC 
dynamic remote station processor 106 selects, at step 172, the 
particular error correction algorithm to be employed by the error 
correction encoder 118' of the FEC dynamic central station 104 
and the error correction decoder 130 of the FEC dynamic remote 
station 106 to respectively generate error correction data and 
correct the error correctable bearer data packets transmitted 
during the downlink time frames 108(1) of the next downlink 
multi-frame 156(1) . 

At step 172, if the current BLER level does not trigger 
the minimum BLER threshold or the maximum BLER threshold, the 
current error correction algorithm employed is selected- If the 
current BLER level triggers the minimum BLER threshold, the next 
lower error correction algorithm is selected. If the current 
BLER level triggers the maximum BLER threshold, the next higher 
error correction algorithm is selected. 

In this manner, the CPU 134 determines a current BLER 
level by accessing the BLER incremental register 144 to obtain 
the current data value (j), and determines a minimum BLER 
threshold level by accessing the minimum BLER threshold set 
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register 146 to obtain the current data value (M) . The CPU 134 
compares the data value (j) to the data value (M) . If the data 
value (j) is less than the data value (M) , the CPU 134 accesses 
the downlink algorithm specification register 13 8 to obtain the 
current data value (B) , and thus the current error correction 
algorithm. If the current data value (B) is less than or equal 
to "1", the CPU 134 selects the data value (B) as "0", indicating 
no error correction algorithm should be selected. If the current 
value (B) is greater than w l", the CPU 34 selects the data value 
(B) as 1, indicating that the low-level error correction 
algorithm should be selected. 

If the data value (j) is greater than or equal to the 
data value (M) , the CPU 134 determines the maximum BLER threshold 
by accessing the maximum BLER threshold set register 148 to 
obtain the current data value (N) . The CPU 134 compares the data 
value (j) to the data value (N) . If the data value (j) is 
greater than the data value (N) , the CPU 134 accesses the 
downlink algorithm specification register 13 8 to obtain the 
current data value (B) , and thus the current error correction 
algorithm. If the current data value (B) equals w 0" , the CPU 134 
selects the data value (B) as "1", indicating the low-level error 
correction algorithm. If the current data value (B) does not 
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equal w 0", the CPU 134 selects the data value (B) as u 2", 
indicating the high-level error correction algorithm. 

If the data value (j) is not greater than the data value 
(N) , the CPU 134 does not select a value for the data value (B) , 
indicating that the current error correction algorithm should be 
maintained. The CPU 134 then increments the data value (k) in 
the dynamic incremental register 150 indicating that a new error 
correction algorithm has not been selected, i.e., the currently 
selected data value (B) is equal to the previously selected data 
value (B) . As will be described in further detail below, the 
data value (B) is not reset until approved by the central station 
104 . 

Subsequent to proposed selection of the error correction 
algorithm, the CPU 134 resets the data value (i) in the time 
frame incremental register 140 to "0" and the data value (j) in 
the BLER incremental register 144 to "0", so that they are 
initialized for the next multi-frame 156. 

At step 174, the FEC dynamic remote station processor 112 
determines whether the data value (L) in the multi- frame register 
142, and thus the number of downlink time frames 108(1) in the 
next downlink multi-frame 156(1), should be changed with respect 
to the stability of the communication channel quality. 
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If the data value (k) in the dynamic incremental register 
150 at step 172 was not incremented indicating a change in the 
selection of the error correction algorithm, the FEC dynamic 
remote station processor 212 determines whether the number of 
downlink time frames 108(1) in the next downlink multi-frame 
156(1) should be decreased or maintained. The CPU 134 determines 
the number of consecutive times the same error correction 
algorithm has been selected by accessing the dynamic incremental 
register 150 to obtain the data value (k) . The CPU 134 also 
determines the low stability threshold value by accessing the low 
stability threshold set register 152 to obtain the data value 
(P) . The CPU 134 compares the data value (k) with the data value 
(P) . If the data value (k) is less than the data value (P) , the 
CPU 134 decrements the data value (L) in the multi- frame register 
142 by a particular number, decreasing the number of time frames 
108 in the next multi-frame 156. If the data value (k) is not 
less than the data value (P) , the CPU 134 does not change the 
data value (L) in the multi-frame register 142, maintaining the 
number of time frames 108 in the next multi-frame 156. Whether 
the data value (L) is decremented or maintained, the CPU 134 
resets the data value (k) to "0", so that the stability of the 
communication channel quality can be redetermined. 
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If the data value (k) in the dynamic incremental register 
150 at step 172 has been incremented indicating no change in the 
error correction algorithm, the FEC dynamic remote station 
processor 212 determines whether the number of downlink time 
frames 108(1) in the next downlink multi-frame 156(1) should be 
increased or maintained. The CPU 134 determines the number of 
consecutive times the same error correction algorithm has been 
selected by accessing the dynamic incremental register 150 to 
obtain the current data value (k) . The CPU 134 also determines 
the high stability threshold value by accessing the high 
stability threshold set register 154 to obtain the data value 
(Q) . The CPU 134 compares the data value (k) to the data value 
(Q) . If the data value (k) is equal to or greater than the data 
value (Q) , the CPU 134 increments the data value (L) in the 
multi-frame register 142 by a particular number, increasing the 
number of time frames 108 in the next multi-frame 156. The CPU 
134 resets the data value (k) to w 0", so that the stability of 
the communication channel quality can be redetermined. If the 
data value (k) is less than the data value (Q) , the CPU 134 does 
not change the data value (L) , maintaining the number of downlink 
time frames 108(1) in the next downlink multi-frame 156(1) to its 
current value. The CPU 134 does not reset the data value (k) , so 

OC-20240.1 

- 57 - 



226/051 
PATENT 

that the current number of consecutive times the same error 
correction algorithm has been selected is taken into account 
during the next determination of the stability of the 
communication channel quality. 

At step 176 , the FEC dynamic remote station 106 transmits 
uplink control data to the FEC dynamic central station 104 during 
the next available control time slot. The uplink control data 
indicates the error correction algorithm selected by the FEC 
dynamic remote station 106, the next downlink time frame 108(1) 
during which the FEC dynamic remote station 106 selects an error 
correction algorithm, and if applicable, an ARQ signal indicating 
the receipt of a defective corrected downlink bearer data packet 
as described above . 

The FEC dynamic central station 104 receives the uplink 
error correctable bearer data packet from the FEC dynamic remote 
station 106 and processes the uplink control data. The FEC 
dynamic central station 104 transmits downlink control data to 
the FEC dynamic remote station 106 during the next available 
downlink control time slot. The downlink control data indicates 
whether the error correction algorithm selection is approved or 
denied. If the FEC dynamic central station processor 112 1 
determines that the selected error correction algorithm should be 
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employed, the downlink control data indicates approval of the 
selected error correction algorithm. On the other hand, if the 

FEC dynamic central station processor 112' determines that the 
selected error correction algorithm should not be employed, such 
as, if the selected error correction algorithm is not compatible 
with the wireless communication system 100 or the available 
overhead or central station does not support the error correction 
algorithm, the downlink control data indicates denial of the 
selected error correction algorithm. 

The FEC dynamic remote station 106 receives the downlink 
control data, and accordingly either resets the data value (B) of 
the downlink algorithm specification register 13 8 to the selected 
data value (B) if the selected error correction algorithm was 
approved by the FEC dynamic central station processor 212', or 
does not reset the data value (B) of the downlink algorithm 
specification register 138 to the selected data value (B) if the 
selected error correction algorithm was denied by the FEC dynamic 
central station processor 212 1 . 

The FEC dynamic central station processor 112', in turn, 
resets the data value (A r ) in the downlink algorithm 
specification register 136 ( equal to the data value (B) . 
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Rather than synchronizing the error correction algorithm 
used by the central station 104 and remote station 106 to 
respectively encode and process a downlink bearer data packet by 
sending a confirmation or denial signal during a dedicated 
control time slot as described above with respect to step 176, 
synchronization of the error correction algorithm can be 
accomplished by encoding each downlink bearer data packet with a 
highly protected code word indicating the error correction 
algorithm that was employed to encode the particular downlink 
bearer data packet with error correction data. During processing 
of the downlink bearer data packet, the remote station 106 can 
decode the code word to determine the error correction algorithm 
to be employed to process the downlink bearer data packet. More 
alternatively, the remote station 106 can process the downlink 
bearer data packet with all available error correction 
algorithms, and use the best corrected bearer data packet. 

After synchronization of the error correction algorithm, 
the wireless communications system 100 then returns to steps 160 
and 162 where the error correction encoder 118 1 of the FEC 
dynamic central station 104 and the error correction decoder 118 
of the FEC dynamic remote station 106 are configured to employ 
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the particular error correction algorithm as specified by the 
data value (A ! ) and data value (B) . 

If an error correction algorithm was selected at step 
172, and thus, the data value (i) in the time frame incremental 
register 140 was reset to w 0", the next downlink error 
correctable bearer data packet transmitted by the FEC dynamic 
central station 104 and received by the FEC dynamic remote 
station 106 will occur during the first time frame 108 of the 
next multi-frame 156. Contrariwise, if an error correction 
algorithm was not selected at step 172, and thus, the data value 
(i) in the time frame incremental register 140 was not reset to 
u 0", the next downlink error correctable bearer data packet 
transmitted by the FEC dynamic central station 104 and received 
by the FEC dynamic remote station 106 will occur during the next 
downlink time frame 108(1) of the current downlink multi-frame 
156 (1) . 

The steps performed by the FEC dynamic central station 
processor 112 1 and the FEC dynamic remote station processor 112, 
in effecting the uplink transmission of consecutive error 
correctable bearer data packets according to the dynamic FEC 
arrangement of the present invention, are reciprocal to and 
independent of those described above, with respect to the 
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downlink transmission of consecutive error correctable bearer 
data packets. For purposes of simplicity and terseness, these 
steps will not be described. 

If the current BER level, rather than the current BLER is 
obtained, steps 258, 266, 268 and 272 (Fig. 9) are performed in 
place of steps 158, 166, 168 and 172. Step 258 is similar to 
step 158 with the exception that, rather than initializing the 
minimum- level BLER threshold set register 146 and the maximum- 
level BLER threshold set register 148, the data value (R) in the 
first-level BER threshold set register 246 and the data value (S) 
in the second level BLER threshold set register 248 are 
initialized to respectively set the first-level BER threshold 
level and the second- level BER threshold level. 

Step 2 66 is similar to step 166 with the exception that 
the error correction decoder 13 0, rather than the error detection 
decoder 132, is employed to measure the current BER level rather 
than the current BLER level. That is, prior to correcting a 
downlink bearer data packet, the error correction decoder 13 0 
measures the bit errors in the downlink bearer data packet and 
sends a corresponding control signal to the processor indicating 
the existence and number of bit errors in the downlink bearer 
data packet . 
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Step 268 is similar to step 168 with the exception that 
the total number of errors in each uncorrected downlink bearer 
data packet are tracked (i.e., the current BER is measured), 
rather than the existence of a defective corrected downlink 
bearer data packet (i.e., the current BLER is measured). That 
is, if the error correction decoder 13 0 receives a downlink 
bearer data packet with no bit errors, the error correction 
decoder 13 0 sends a control signal to the processor 112 
indicating that the error correction decoder 13 0 possesses a 
downlink bearer data packet with no bit errors. If the error 
correction decoder 13 0 receives a downlink bearer data packet 
with at least one error, the error correction decoder 130 sends a 
control signal to the processor 112 indicating the existence and 
number of bit errors in the downlink bearer data packet. The CPU 
234 increments the data value (p) in the BER incremental register 
244 by the number of bit errors detected. The downlink bearer 
data packet is then corrected and processed as described above. 

Step 272 is similar to 'step 172, with the exception that 
absolute selection, rather than relative selection, of the error 
correction algorithm is performed. If the current BER level 
falls within the range below the first-level threshold, no error 
correction algorithm is selected. If the current BER level falls 
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within the range between the first -level threshold and the 
second- level threshold, the low- level error correction algorithm 
is selected. If the current BER level falls within the range 
above the second-level threshold, the high-level error correction 
algorithm is selected. 

Thus, the CPU 234 determines a current BER level by 
accessing the BER incremental register 244 to obtain the current 
data value (p) , and determines a first -level BER threshold level 
by accessing the first-level BER threshold set register 246 to 
obtain the current data value (R) and a second-level BER 
threshold level by accessing the second- level BER threshold set 
register 248 to obtain the current data value (S) . The CPU 234 
compares the data value (p) to the data values (R) and (S) . If 
the data value (p) is less than the data value (R) , the CPU 234 
selects the data value (B) as "0" , indicating that the no error 
correction algorithm should be selected. If the data value (p) 
is equal to or greater than the data value (S) , the CPU 234 
selects the data value (B) as "2" , indicating that the high-level 
error correction algorithm should be selected. In all other 
cases, the CPU 234 selects the data value (B) as "1", indicating 
that the low-level error correction algorithm should be selected. 
If data value (B) has changed, the CPU 234 does not increment 
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the data value (k) . If data value (B) has not changed, the CPU 
234 increments by one the data value (k) . 

Subsequent to the proposed selection of the error 
correction algorithm, the CPU 234 resets the data value (i) in 
the time frame incremental register 140 to "0" and the data value 
(p) in the BER incremental register 244 to "0", so that they are 
initialized for the next multi-frame 156. 

Operation of the wireless communications system 10 0 in 
the TDMA/TDD format is similar to that described above with 
respect to the TDMA/FDD format, with the exception that the 
reciprocal error correctable bearer data packet transmissions 
between the FEC dynamic central station 104 and the FEC dynamic 
remote station 106 occur during the same downlink/uplink time 
frame 108(3), i.e., same frequency. 

The present inventions are not limited to the wireless 
communication system disclosed above and may include other types 
of wireless communications systems, such as, e.g., satellite- 
based communications systems, or other types of wire-based 
systems, such as, e.g., LAN systems or fiber optic networks. 

The present inventions can be used in an out -of -band FEC 
system, wherein error correction data is transmitted and received 
in out -of -band time slots, as described in further detail in 
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copending Application Ser. No. XX/XXX,XXX filed concurrently 
herewith, which is fully and expressly incorporated herein by 
reference . 

Thus, an improved apparatus and method for improving the 
data throughput of a communications system is disclosed. While 
embodiments and applications of this invention have been shown 
and described, it would be apparent to those skilled in the art 
that many more modifications are possible without departing from 
the inventive concepts herein. 

The invention, therefore is not to be restricted except 
in the spirit of the appended claims. 
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What is Claimed : 

1. A method of selecting an error correction algorithm 
in a communications system, the method comprising: 

dividing each time frame of a multi- frame into a 
plurality of time slots; 

determining an error rate level of a communication 
channel based on a plurality of bearer data packets when received 
during said multi -frame; and 

selecting an error correction algorithm from a plurality 
of error correction algorithms taking into account said error 
rate level. 



2. The method of claim 1, wherein said plurality of 
bearer data packets comprises traffic data. 



3. The method of claim 2, wherein said error correction 
algorithm has an overhead level, and wherein the amount of said 
traffic data is inversely varied with said overhead. 



4. The method of claim 1, and wherein said error rate 
level determination comprises correcting said plurality of bearer 
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data packets and detecting a number of defective bearer data 
packets to obtain a current block error rate (BLER) level, and 
wherein said error correction algorithm determination is based on 
said current BLER level. 

5. The method of claim 4, wherein said error correction 
algorithm selection comprises setting a minimum BLER threshold 
level and a maximum BLER threshold level to create an acceptable 
BLER range, selecting a current error correction algorithm if 
said acceptable BLER range includes said current BLER level and 
selecting an error correction algorithm different from said 
current error correction algorithm if said acceptable BLER range 
does not include said current BLER level . 

6. The method of claim 5, wherein said plurality of 
error correction algorithms comprise differing overhead levels, 
and said error correction algorithm determination further 
comprises selecting an error correction algorithm with a next 
lower overhead than that of said current error correction 
algorithm if said current BLER level is below said minimum BLER 
threshold level and selecting an error correction algorithm with 
a next higher overhead than that of said current error correction 
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algorithm if said current BLER level is above said maximum BLER 
threshold level. 

7. The method of claim 1, wherein said error rate level 
determination comprises detecting a number of bit errors in said 
plurality of bearer data packets to obtain a bit error rate (BER) 
level, and wherein said error rate level determination is based 
on said current BER level. 

8. The method of claim 7, wherein said error correction 
algorithm selection comprises setting at least one BLER threshold 
level to create a plurality of BER ranges corresponding to the 
plurality of error correction algorithms, and selecting an error 
correction algorithm that corresponds to the BER range that 
includes the current BER level . 

9. The method of claim 1, wherein each bearer data 
packet of said plurality of bearer data packets is respectively 
received during a time slot of said each time frame of said 
multi- frame, and wherein said error correction algorithm 
selection comprises selecting said error correction algorithm 
during the last time frame of said multi-frame. 
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10. The method of claim 1, further comprising: 
determining the dynamic quality of said communication 
channel ; and 

adjusting the number of time frames in said plurality of 
time frames based on said dynamic quality. 



11. The method of claim 1, wherein said plurality of 
error correction algorithms includes no error correction 
algorithm. 



12. The method of claim 1, wherein said plurality of 
error correction algorithms includes no error correction 
algorithm, a low-level error correction algorithm and a high- 
level error correction algorithm. 



13. The method of claim 1, wherein said plurality of 
bearer data packets are wirelessly transmitted between a central 
station and a remote station. 
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14. A method of correcting transmission errors in a 
communications system comprising an FEC dynamic central station 
and an FEC dynamic remote station, the method comprising: 

determining an error rate level of a communication 
channel between said FEC dynamic central station and said FEC 
dynamic remote station based on a plurality of received bearer 
data packets received during a previous plurality of time frames; 

selecting an error correction algorithm from a plurality 
of error correction algorithms taking into account said 
determined error rate level; 

transmitting a bearer data packet during a current time 

frame; 

receiving said bearer data packet during said current 
time frame; and 

correcting said bearer data packet. 

15. The method of claim 14, 

wherein said bearer data packet transmission comprises 
generating error correction data according to said selected error 
correction algorithm, and transmitting said error correction data 
with said bearer data packet; and 
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wherein said bearer data packet correction comprises 
correcting said bearer data packet according to said selected 
error correction algorithm. 

5 16. The method of claim 15, wherein said bearer data 

packet transmission further comprises encoding a bearer data 
packet with said error correction data. 

I: ::f 17. The method of claim 15, wherein said bearer data 

110 packet transmission further comprises appending a bearer data 

111 packet with said error correction data. 

"% 18. The method of claim 15, wherein said error rate 

o;i level determination comprises correcting said plurality of bearer 

Jl5 data packets and detecting a number of defective bearer data 

packets to obtain a current block error rate (BLER) level, and 
wherein said error correction algorithm determination is based on 
said current BLER level . 

20 19. The method of claim 15, wherein said error rate 

level determination comprises detecting a number of bit errors in 
said plurality of bearer data packets to obtain a current bit 
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error rate (BER) level, and wherein said error rate level 
determination is based on said current BER level. 

20. The method of claim 14, wherein said plurality of 
5 bearer data packets and said bearer data packet are both 

respectively transmitted by said FEC dynamic central station and 
received by said FEC dynamic remote station, and said FEC dynamic 
remote station performs said error rate level determination and 
said error correction algorithm selection. 

pLO 

yl 21. The method of claim 14, wherein one of said FEC 

Gl dynamic remote station and FEC dynamic central station transmits 
m a signal to another of said FEC dynamic remote station and said 
ill FEC dynamic central station indicating said error correction 
M15 algorithm selection. 

22. The method of claim 21, wherein said another of said 
FEC dynamic remote station and said FEC dynamic central station 
transmits a signal to said one of said FEC dynamic remote station 
20 and said FEC dynamic central station approving or denying said 
error correction algorithm selection. 
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23. The method of claim 21, wherein said another of said 
FEC dynamic remote station and said FEC dynamic central station 
transmits a signal to said one of said FEC dynamic remote station 
and said FEC dynamic central station encoded in said bearer data 
packet . 



24. The method of claim 21, wherein said one of said FEC 
dynamic remote station and said FEC dynamic central station 
corrects said bearer data packet using said plurality of error 
correction algorithms. 



25. A method of correcting transmission errors in a 
communications system comprising an FEC dynamic central station 
and an FEC dynamic remote station, the method comprising: 

transmitting a first plurality of bearer data packets 
during a first multi- frame; 

receiving said first plurality of bearer data packets 
during said first multi- frame; 

determining an error rate level of a communication 
channel between said FEC dynamic central station and said FEC 
dynamic remote station based on said first plurality of bearer 
data packets; 
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selecting an error correction algorithm from a plurality 

of error correction algorithms taking into account said 

determined error rate levels- 
transmitting a second plurality of bearer data packets 

during a second multi- frame, said second plurality of bearer data 

packets being generated according to said selected error 

correction algorithm; 

receiving said second plurality of bearer data packets 

during said second multi- frame; and 

correcting said second plurality of bearer data packets 

according to said selected error correction algorithm. 

26. The method of claim 25, 

wherein said first bearer data packet transmission 
comprises generating error correction data according to an error 
correction algorithm of said plurality of error correction 
algorithms, generating error detection data according to an error 
detection algorithm, and transmitting said error correction data 
and said error detection data with said first plurality of bearer 
data packets; and 

wherein said error rate determination further comprises 
correcting said first plurality of bearer data packets according 
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to said error correction algorithm to create a first plurality of 
corrected bearer data packets, and detecting a number of 
defective bearer data packets by detecting any residual errors in 
said first plurality of corrected bearer data packets according 
to said error detection algorithm to create a current BLER level. 

27. The method of claim 25, wherein said error rate 
determination further comprises detecting bit errors in said 
first plurality of bearer data packets to create a current bit 
error rate (BER) level. 

28. The method of claim 25, 

wherein said one of said FEC dynamic central station and 
said FEC dynamic remote station perform said transmission; and 

wherein another of said FEC dynamic central station and 
said FEC dynamic remote station perform said reception, said 
error rate level determination, said error correction algorithm 
selection, and said correction of said second plurality of data 
packets . 

29. The method of claim 25, 
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wherein said one of said FEC dynamic central station and 
said FEC dynamic remote station is said FEC dynamic central 
station and said another of said FEC dynamic central station and 
said FEC dynamic remote station is said FEC dynamic remote 
station; and 

wherein the method further comprises transmitting first 
control data from said FEC dynamic remote station to said FEC 
dynamic central station indicating said error correction 
algorithm selection, and transmitting second control data from 
said FEC dynamic central station to said FEC dynamic remote 
station confirming said error correction algorithm selection. 

30. A recordable medium comprising: 

a computer program comprising steps for: 

determining an error rate level of a communication 
channel between a plurality of communications terminals based on 
a plurality of bearer data packets when received; and 

selecting an error correction algorithm from a 
plurality of error correction algorithms taking into account said 
determined error rate level . 
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31. The recordable medium of claim 30, wherein said 
computer program further comprises a step for directing one of 
said communications terminals and said another of said 
communications terminals to correct a received bearer data packet 
using said selected error correction algorithm. 

32. The recordable medium of claim 30, wherein said 
error rate level determination step comprises determining said 
error rate level over a multi- frame, and wherein said error 
correction algorithm is selected during a frame subsequent to 
said multi -frame. 

33. The recordable medium of claim 30, wherein said 
error rate level determination step comprises correcting said 
plurality of bearer data packets and detecting a number of 
defective bearer data packets to obtain a current block error 
rate (BLER) level, and wherein said error correction algorithm 
determination step is based on said current BLER level. 

34. The recordable medium of claim 30, wherein said 
error rate level determination comprises detecting a number of 
bit errors in said plurality of bearer data packets to obtain a 
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current bit error rate (BER) level, and wherein said error rate 
level determination is based on said current BER level. 

35. The recordable medium of claim 30, wherein said 
computer program is embedded in a ROM chip. 

36. A communications terminal, comprising: 
a receiver; 

an error correction decoder electrically coupled to said 
receiver; and 

a processor coupled to said error correction encoder, 
said processor comprising a computer program comprising steps 
for : 

determining an error rate level of a communication 
channel between a plurality of communications terminals based on 
a plurality of bearer data packets when received during a multi- 
frame; and 

selecting an error correction algorithm from a 
plurality of error correction algorithms taking into account said 
determined error rate level . 
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37. The communications terminal of claim 36, further 
comprising : 

an error detection decoder electrically coupled to said 
error correction decoder and said processor; and 

wherein said error rate level determination step 
comprises directing said error correction decoder to correct said 
plurality of bearer data packets and directing said error 
detection decoder to detect a number of defective bearer data 
packets, and wherein said error correction algorithm 
determination step is based on said number of defective bearer 
data packets. 

38. The communications terminal of claim 36, wherein 
said error rate level determination comprises directing said 
error correction decoder to detect a number of bit errors in said 
plurality of bearer data packets, and wherein said error rate 
level determination is based on said number of bit errors. 

39. The communications terminal of claim 36, wherein 
said computer program further comprises a step for directing said 
error correction decoder to correct a bearer data packet received 
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during a time frame subsequent to said multi-time frame using 
said selected error correction algorithm. 

40. The communications terminal of claim 36, further 
5 comprising an antenna electrically coupled to said receiver. 

41. The communications terminal of claim 36, further 
comprising : 

a transmitter; 

ilO an error correction encoder electrically coupled to said 

yl transmitter and said processor; 

CM wherein said computer program further comprises a step 

;;;; directing said error correction encoder to generate another 

m bearer data packet according to another selected error correction 

Ml 5 algorithm. 

42. A communications system comprising: 

a communications terminal comprising computer software 

comprising steps for: 
20 determining an error rate level of a communication 

channel between a plurality of communications terminals based on 
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a plurality of bearer data packets when received during a multi- 
f rame; 

selecting an error correction algorithm from a 
plurality of error correction algorithms taking into account said 
determined error rate level; and 

correcting a bearer data packet when received during 
a frame subsequent to said multi- frame using said selected error 
correction algorithm. 

43. The communications system of claim 42, wherein said 
error rate level determination step comprises correcting said 
plurality of bearer data packets and detecting a number of 
defective bearer data packets, and wherein said error correction 
algorithm selection step comprises selecting said error 
correction algorithm in response to said number of defective 
bearer data packets. 

44. The communications system of claim 42, wherein said 
error rate level determination step comprises detecting a number 
of bit errors in said plurality of bearer data packets to obtain, 
and wherein said error correction algorithm selection step 
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comprises selecting said error correction algorithm in response 
to said number of bit errors. 

45. The communications system of claim 42, wherein said 
communications terminal is a remote station. 

46. The communications system of claim 42, wherein said 
communications terminal is a base station. 

47. The communications system of claim 42, wherein said 
communications terminal is a wired communications terminal . 
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ABSTRACT 

A forward error correction (FEC) method is provided 
including an FEC dynamic central station and a plurality of FEC 
5 dynamic remote stations that transmit bearer data and 

corresponding error correction data therebetween during a 
plurality of time frames. The error rate of the communication 
channel is measured and the amount of error correction data 
¥ transmitted is accordingly and dynamically adjusted, so that the 
Ho minimum amount of overhead required to effectively transmit the 
Ul error correction data is used. 



OC-20240.1 



- 84 - 



226/051 
PATENT 



POWER OF ATTORNEY 



OMNIPOINT CORPORATION . assignee(s) of the application for United States Letters Patent for an 
Improvement in: "DYNAMIC FORWARD ERROR CORRECTION" by RUSSELL A. MORRIS and DARRELL W. 
BARABASH 

the specification of which is 



filed herewith, or 



□ having Serial No. 



filed 



,19. 



a copy of the patent application of which is attached hereto, does hereby appoint as my attorneys, with full power of substitution and 
revocation, to prosecute this application and transact all business in the Patent and Trademark Office connected therewith: Roland N. 
Smoot, Reg. No. 18,718; Conrad R. Solum, Jr., Reg. No. 20,467; James W. Geriak, Reg. No. 20,233; Robert M. Taylor, Jr., Reg. No. 
19,848; Samuel B. Stone, Reg. No. 19,297; Douglas E. Olson, Reg. No. 22,798; Robert E. Lyon, Reg. No. 24,171; Robert C. Weiss, Reg. 
No. 24,939; Richard E. Lyon, Jr., Reg. No. 26,300; John D. McConaghy, Reg. No. 26,773; William C. Steffin, Reg. No. 26,811; Coe A. 
Bloomberg, Reg. No. 26,605; J. Donald McCarthy, Reg. No. 25,119; John M. Benassi, Reg. No. 27,483; James H. Shalek, Reg. No. 29,749; 
Allan W. Jansen, Reg. No. 29,395; Robert W. Dickerson, Reg, No. 29,914; Roy L. Anderson, Reg. No. 30,240; David B. Murphy, Reg. No. 
31,125; Bradford J. Duft, Reg. No. 32,219; James C. Brooks, Reg. No. 29,898; Jeffrey M. Olson, Reg. No. 30,790; Steven D. Hemminger, 
Reg. No. 30,755; Jerrold B. Reilly, Reg. No. 32,293; Paul H. Meier, Reg. No. 32,274; John A. Rafter, Jr., Reg. No. 31,653; Kenneth H. 
Ohriner, Reg. No. 31,646; Mary S. Consalvi, Reg. No. 32,212; Lois M. Kwasigroch, Reg. No. 35,579; Lawrence R. LaPorte, Reg. No. 
38,948; Robert C. Laurenson, Reg. No. 34,206; Carol A. Schneider, Reg. No. 34,923; Hope E. Melville, Reg. No. 34,874; Michael J. Wise, 
Reg. No. 34,047; Richard J. Warburg, Reg. No. 32,327; KurtT. Mulviile, Reg. No. 37,194; Theodore S. Maceiko, Reg. No. 35,593; Bruce G. 
Chapman, Reg. No. 33,846; F.T. Alexandra Mahaney, Reg. No. 37,668; Reg. No. 37,668; James P. Brogan, Reg. No. 35,833; David A. 
Randall, Reg. No. 37,217; Christopher A. Vanderlaan, Reg. No. 37,747; Stephen S. Korniczsky, Reg. No. 34,853; David T. Burse, Reg. No. 
37,104; Jeffrey A. Miller, Reg. No. 35,287; Bernard F. Rose, Reg. No. 42,112; Michael J. Bolan, Reg. No. 42,339; Lynn Y. McKeman, Reg. 
No. 41,986; Peter C. Mei, Reg. No. 39,768; and Craig A. Neugeboren, Reg. No. 39,314. 



Send Correspondence to: 



LYON & LYON LLP 

633 W Fifth St., Suite 4700 
Los Angeles, CA 90071-2066 



Direct Telephone calls to: 
STEVEN D. HEMMINGER 
(408) 993-1555 



™* I, the undersigned, declare that I am the (an) assignee of the above-identified application or, if the assignee is a 
corporation, partnership or other association, I am authorized to make this appointment on behalf of the 
assignee and I further declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further, that these statements were 
made with the knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment, or both, under Section 1001 of Title 19 of the United States Code, and that such willful false 
statements may jeopardize the validity of the application or any patent issuing thereon. 



Full Name of Assignee: 



OMNIPOINT CORPORATION 



Post Office Address 



3 Bethesda Metro Center, Suite 400, Bethesda, MD 20814 



Signature of Declarant or Assignee: 



Date: 



z/"/7 1 



Full Name of Declarant 




If Other Than Assignee 


Evelyn Goldfine 


Title of Declarant 


Assistant Corporate Secretary 


Address of Declarant 


770 Boylston Street, Apt. 27B 




Boston, MA 02199 




' Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 1 of 14 



FIG. 2 



t 



TF 1 



TF2 



TF 3 



TF 4 



D1 



D2 



DOWNLINK TIME FRAMES 



D3 



D4 



D5 



D6 




D7 



D8 



RS 1 




RS 2 




RS 3 


RS 4 






RS 1 




RS 2 




RS 3 


RS 4 






RS 1 




RS 2 




RS 3 


RS 4 




/ 


RS 1 




RS 2 




_RS3 


RS 4 

























TF? 


RS 1 




RS 2 




RS 3 


RS 4 







TF 1 



TF 2 



TF 3 



TF 4 



TF? 



U1 



U2 



UPLINK TIME FRAMES 



U3 



U4 



U5 



U6 




WoCtS) 



U7 



U8 



RS 4 






RS 1 




RS 2 




RS 3 ' 


RS 4 






RS 1 




RS 2 




RS 3 ' 


RS 4 






RS 1 




RS 2 




RS 3 


RS 4 






RS 1 
/- 




RS 2 




RS 3 ' 



RS 4 






RS 1 




RS 2 




RS 3 ' 



/08fZ) 




Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 2 of 14 



FIG. 3 



DOWNLINK/UPLINK TIME FRAMES 




TF 1 



TF2 



TF 3 



t 



TF 4 



D1 



D2 



D3 



D4 



U1 



U2 



U3 




U4 



RS 1 


RS 2 


RS 3 


RS 4 


RS 1 


RS 2 


RS 3 


RS 4 ' 


RS 1 


RS 2 


RS 3 


RS 4 


RS 1 


RS 2 


RS 3 


RS 4 / 


RS 1 


RS 2 


RS 3 


RS 4 


RS 1 


RS 2 


RS 3 


RS 4 / 

* 


RS 1 


RS 2 


RS 3 


RS 4 


^RS 1 


RS 2 


RS 3 


RS 4 ' 




RS 1 


RS 2 


RS 3 


RS 4 


RS 1 


RS 2 


RS 3 


RS4 



TF? 



Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 3 of 14 




u 




z 

u 

^^^^ 



o 

H 
H 

O 




u 

U 

Hi 



O 



< 

H 

CZ3 





Downlink 
Traffic Data 



.2 S3 



— Ol, — 1 
-> w > 

£ O Q 



Uplink 
Traffic Data 



Downlink^ 
Contro/£Vr»/- 



Uplink 
Control Data 



C 

O i_ 

o B c 

W Q 3 



o 

4— > 

o 

O r 
♦ 

C O 



I- 

c 

o 













ILL! 




CO 

C 
* 




E- 





^ c ■ ^ j 

g £ c^3/Ionuo3 

^ ^ y / ^n^n 




5Jin[UA\0Q 



}[UIJUAVOQ 



Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 4 of 1 4 






o 



in 
O 





Downlink 
Traffic Data 



0 41 



O ° 

£ <D <D 

W Q O 



c 

c 



£ O Q 



Uplink 
Traffic Data 



Downlink 
^Control Data 



Uplink 
Control Data 




b O u Downlink 
WOC Error Data 



1 








o 


o 


c 


^— » 


(L) 




Q 


Z3 




o 2 
t o <u 

W Q C 



Express Mai! #EM585200304US 
Docket No. 226/051 
Sheet 5 of 14 



< 

in 




Express Mai! #EM585200304US 
Docket No. 226/051 
Sheet 6 of 14 




Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 7 of 14 




Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 8 of 14 



FIG. 7 



15^ 



MULTI-TIME FRAMES 



TF 1 



MULTI- 
FRAME 1 



TF 2 



8 







BEARER 
DATA 
















BEARER 
DATA 










> 

i 




TF "L" 



1 56 



TF 1 



MULTI- 
FRAME 2 



TF 2 







BEARER 
DATA 












1 


2 


3 


4 


5 


6 


7 


1 

8 „ 



/cj§ 







BEARER 
DATA 










f 

' } 1 






BEARER 
DATA 













A 



I MULTI- 
FRAME 3 



TF "L" 






BEARER 
DATA 










T 


ISC 


1 2 3 4 5 6 7 8 ^ 


TF 1 






BEARER 
DATA 












TF 2 






BEARER 
DATA 

















BEARER 
DATA 










i 



TF "L" 



Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 9 of 14 



* Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 10 of 14 





-i 



w 

H"- 
ffi 

"K 



I 



obtain data 
value (A") 




7 



/53 



initialize 
registers 




yes 



C.S. error 
correction encoder 
employs no 
algorithm 



yes 



C.S. error 
correction encoder 
employs low-level 

algorithm 



C.S. error 
correction encoder 
employs high-level 



algorithm 




obtain 
data value (B) 




R.S. error 
correction decoder 
employs no 
algorithm 



R.S. error 
correction decoder 
employs low-level 

algorithm 



R.S. error 
correction decoder 
employs high-level 

algorithm 



obtain data 
value (i) and 
data value (L) 



r 





increment data 
value (i) by I and 
data value (j) 
by 1 












xfer traffic 
data to I/O device 




do not xfer 
traffic data to 
I/O device; 
send ARQ 



J 



incre 
data vz 
by 


ment 
due (i) 
1 


I 


i 


xfer traffic 
data to I/O device 



D 



receive downlink 
bearer data packet 
from C.S., correct 
and detect errors 



/£6 



re-xmit old 
downlink bearer 
data packet 
to R.S. 

1 




no. 



xmtt new 
downlink bearer 
data packet 
to R.S. 



Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 11 of 1 4 



obtain data 
value (j) and 
data value (M) 



%. il 



1 




obtain data 
value (B) 




select data 




select data 


value (B)=l 




value (B)=0 






j 



obtain dam 
value (B) 



1 



increment data 
value (k) by i 









J 




select data 
va!ue(B)=l 



t 



t 
A 



select data 
value (B)=2 



reset data 
value (i)=0; 
reset data 
value(j )=0 



1 



r 



|70 



reset 
data value (A*)= 
data value (B) 



do not reset 
data value (B); 

do not reset 
data value (A') 

— I 



reset data 
value (B) 



send downlink 
control data to R.S. 

denying 
algorithm selection 



send downlink 
control data to R.S. 

confirming 
algorithm selection 




send uplink control 
data to C.S. 
indicating 
selected algorithm 



r 




reset data 
value (k)=0 



r 





obtam 
data value (k) and 
data value (?) 



decrement data 
value (L) 



1 



obtain 
data value (k) and 
data value (Q) 



data 
value (k}>data^ 
-•alue(Q) 9 - J 

no 



increment data 
value (L) 



Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 1 2 of 1 4 



f 
I 
J 
1 
k 



f 



4 

i 

f 

;i 

f 
l 



l 



obtain data 
value (A') 



r 



/ 




initialize 
registers 




yes 



C.S. error 
correction encoder 
employs no 
algorithm 



yes 



C.S. error 
correction encoder 
employs low- level 

algorithm 



r 



C.S. error 
correction encoder 
employs high-level 



algorithm 




obtain 
data value (B) 




yes 



R.S. error 
correction decoder 
employs no 
algorithm 



yes 



R.S. error 
correction decoder 
employs low- level 

algorithm 



R.S. error 
correction decoder 
employs high-level 

algorithm 




obtain data 
value (i) and 
data value (L) 











xfer traffic 
data to I/O device 




do not xfer 
traffic data to 
I/O device; 
send ARQ 




ri 



receive downlink 
bearer data packet 
from C.S., detect 
errors 



increment 
data value (i) 
by 1 



re-xmit old 
downlink bearer 
data packet 
to R.S. 



v 




xmit new 
downlink bearer 
data packet 
to R.S. 



Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 13 of 14 



r 



if 



ii 



II: 
It 



obtain data \ alue 
(p), data value (R), 
data value (S) and 
data value (B) 




select data 
value (B)=0 






select data 
value (B)=2 




L 



select data 
value (B)=I 



increment 
data value (k) 
bv one 




L 



reset data 
value (i)=0; 
reset data 
\aluc(j)=0 



r 



i 



r 



reset 
data value (A 1 )= 
data value (B) 



do not reset 
data value (B); 

do not reset 
data value (A') 



reset data 
value (B) 



send downlink 
control data to R.S. 
denyim 



algorithm selection 



send downlink 
control data to R.S. 

confirming 
algorithm selection 




send uplink control 
data to C.S. 
indicating 
selected algorithm 



r 




obtain 
data value (k) and 
data value (P) 




reset data 
value (k)=0 



decrement data 
value (L) 



A 



yes 



obtain 
data value (k) and 
data value (Q) 



data 
value (k]>data 
^yalue (Qy>- 

no 



increment data 
value (L) 



Express Mail #EM585200304US 
Docket No. 226/051 
Sheet 14 of 14 



Lyon & Lyon LLP 
Docket Information 
226/051 

DECLARATION 
AND POWER OF ATTORNEY 
Utility Application 

As a below named inventor, i hereby declare that; 

My residence, post office address and citizenship are as stated below next to my name. 

I believe I am the original, first and sole inventor (if only one name is listed below) or an original, first and joint inventor (if 
plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the invention 
entitled "DYNAMIC FORWARD ERROR CORRECTION" 

the specification of which is attached hereto. 

I hereby state that I have reviewed and understand the contents of the above-identified specification, including the claims, 
as amended by any amendment(s) referred to above. I acknowledge the duty to disclose information which is material to 
the patentability of this application in accordance with Title 37, Code of Federal Regulations, § 1.56(1). I hereby claim 
foreign priority benefits under Title 35, United States Code, § 1 1 9 of any foreign appiication(s) for patent or inventor's 
certificate listed below and have also identified below any foreign application for patent or inventor's certificate having a 
filing date before that of the application on which priority is claimed. 



□Application Number 


Country 


Date of Filing 


Priority Claimed 
Yes No 













pereby claim the benefit under Title 35, United States Code, § 120 of any United States application(s) listed below and, 
irfsofar as the subject matter of each of the claims of this application is not disclosed in the prior United States application in 
ip manner provided by the first paragraph of Title 35, United States Code, § 1 12, I acknowledge the duty to disclose 
material information as defined in Title 37, Code of Federal Regulations, § 1 .56(a) which occurred between the filing date of 
fee prior application and the national or PCT international filing date of this application. 



" Application Number 


Date of Filing 


Status-Patented, 
Pending or Abandoned 









POWER OF ATTORNEY: As a named inventor, I hereby appoint as my attorneys, with full power of substitution and 
revocation, to prosecute this application and transact all business in the Patent and Trademark Office connected therewith: 
As named inventor(s),i hereby appoint as my attorneys, with full power of substitution and revocation, to prosecute this 
application and transact all business in the Patent and Trademark Office connected therewith: Roland N. Smoot, Reg. No. 
18,718; Conrad R. Solum, Jr., Reg. No. 20,467; James W. Geriak, Reg. No. 20,233; Robert M. Taylor, Jr., Reg. No. 19,848; 
Samuel B. Stone, Reg. No. 19,297; Douglas E. Olson, Reg. No. 22,798; Robert E. Lyon, Reg. No. 24,171; Robert C. Weiss, 
Reg. No. 24,939; Richard E. Lyon, Jr., Reg. No. 26,300; John D. McConaghy, Reg. No. 26,773; William C. Steffin, Reg. No. 
26,811; Coe A. Bloomberg, Reg. No. 26,605; J. Donald McCarthy, Reg. No. 25,119; John M. Benassi, Reg. No. 27,483; 
James H. Shalek, Reg. No. 29,749; Allan W. Jansen, Reg. No. 29,395; Robert W. Dickerson, Reg. No. 29,914; Roy L. 
Anderson, Reg. No. 30,240; David B. Murphy, Reg. No. 31,125; Bradford J. Duft, Reg. No. 32,219; James C. Brooks, Reg. 
No. 29,898; Jeffrey M. Olson, Reg. No. 30,790; Steven D. Hemminger, Reg. No. 30,755; Jerrold B. Reilly, Reg. No. 32,293; 
Paul H. Meier, Reg. No. 32,274; John A. Rafter, Jr., Reg. No. 31,653; Kenneth H. Ohriner, Reg. No. 31,646; Mary S. 
Consalvi, Reg. No. 32,212; Lois M, Kwasigroch, Reg. No. 35,579; Lawrence R. LaPorte, Reg. No. 38,948; Robert C. 
Laurenson, Reg. No. 34,206; Carol A. Schneider, Reg. No. 34,923; Hope E. Melville, Reg. No. 34,874; Michael J. Wise, 
Reg. No. 34,047; Richard J, Warburg, Reg. No. 32,327; Kurt T. Muiville, Reg. No. 37,194; Theodore S. Maceiko, Reg. No. 
35,593; Bruce G. Chapman, Reg. No. 33,846; FT. Alexandra Mahaney, Reg. No. 37,668; James P. Brogan, Reg. No. 
35,833; David A. Randall, Reg. No. 37,217; Christopher A. Vanderlaan, Reg. No. 37,747; Stephen S. Korhiczsky, Reg. No. 
34,853; David T. Burse, Reg. No. 37,104; Jeffrey A. Miller, Reg. No. 35,287; Bernard F. Rose, Reg. No. 42,1 12; Michael J. 
Bolan, Reg. No. 42,339; Lynn Y. McKernan, Reg. No. 41,986; Peter C. Mei, Reg. No. 39,768; and Craig A. Neugeboren, 
Reg. No. 39,314. 



Send Correspondence to: 


LYON & LYON LLP 


Direct Telephone calls to: 


633 W Fifth St., Suite 4700 


STEVEN D. HEMMINGER 




Los Angeles, CA 90071-2066 


(408) 993-1 555 





FULL NAME OF 
INVENTOR 


FIRST Name 
Russell 


MIDDLE Initial 
A. 


LAST Name 
Morris 


201 


RESIDENCE & 
CITIZENSHIP 


City 
Keller 


State or Foreign Country 
Texas 


Country of Citizenship 
Canada 




POST OFFICE 
ADDRESS 


Post Office Address 
1 528 Creekview Drive 


City 
Keller 


State or Country 

Texas 


Zip Code 
76248 






FULL NAME OF 
INVENTOR 


FIRST Name 
Darrell 


MIDDLE Initial 
W. 


LAST Name 
Barabash 


202 


RESIDENCE & 
CITIZENSHIP 


City 

Grapevine 


State or Foreign Country 
Texas 


Country of Citizenship 
Canada 


'*-*-• 
*■*■■* 


POST OFFICE 
ADDRESS 


Post Office Address 
3216 Shady Glen Drive 


City 

Grapevine 


State or Country 

Texas 


Zip Code 
76051 



C|urther declare that all statements made herein of my own knowledge are true and that all 
ftktements made on information and belief are believed to be true; and further that these 
Itptements are made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of United States 
ppde, and that such willful false statements may jeopardize the validity of the application or 
arpy patent issuing thereon. 



Signature of Inventor 202 



Date 



(Signatures should conform to names as presented at 201 et seq. above.) 
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Date 
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LYON & LYON LLP 


Direct Telephone calls to: 


633 W Fifth St., Suite 4700 


STEVEN D. HEMMINGER 




Los Angeles, CA 90071-2066 


(408) 993-1 555 





FULL NAME OF 
INVENTOR 


FIRST Name 
Russell 


MIDDLE Initial 
A. 


LAST Name 
Morris 


201 


RESIDENCE & 
CITIZENSHIP 


City 
Keller 


State or Foreign Country 
Texas 


Country of Citizenship 
Canada 




POST OFFICE 
ADDRESS 


Post Office Address 
1 528 Creekview Drive 


City 
Keller 


State or Country 

Texas 


Zip Code 
76248 





FULL NAME OF 
INVENTOR 


FIRST Name 
Darrell 


MIDDLE Initial 
W. 


LAST Name 
Barabash 


202 


RESIDENCE & 
CITIZENSHIP 


City 

Grapevine 


State or Foreign Country 
Texas 


Country of Citizenship 
Canada 




POST OFFICE 
ADDRESS 


Post Office Address 
3216 Shady Glen Drive 


City 

Grapevine 


State or Country 
Texas 


Zip Code 
76051 



[further declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
Itatements are made with the knowledge that willful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of United States 
pbde, and that such willful false statements may jeopardize the validity of the application or 
any patent issuing thereon. 




Signature of Inventor 

t>ju m (IlL 



202 



Date 



(Signatures should conform to names as presented at 201 et seq. above.) 



APPLICABLE STATUTES & RULES 
37 CFR 1.56 DUTY TO DISCLOSE INFORMATION MATERIAL TO PATENTABILITY. 

w l, 9t t . < a) r A P a tent by its very nature is affiled with a public interest The public interest is best served, and the most effective patent examination occurs 

•IV fv UmC !! n a PP Uca ^ on » teras examined, the Office is aware of and evaluates the teachings of all information material to patentability. Each individual associated 
with the filing and prosecution of a patent application has a duty of candor and good faith in dealing with the Office, which includes a duty to disclose to fee Office Tall 
S?^ 0 ^ 0 ^^ 111 ^ u $y duaJ to be m*™* to patentability as defined in this section. The duty to disclose information exists with respect to each pending ; cbSunffl 
2Sm ^ anceIle <? ° r withdrawn from consideranon or the application becomes abandoned Information material to the patentability of a claim that islSeTor 
wifodrawn from consideration need not be submitted if the information is not material to the patentability of any claim remaining under consideration in the 
There u no duty to submit mfor^tion which ,s not material to the patentability of any existing claim! The duty to disclose all infonnationSowi to b "KteSlto 
patentability is deemed to be «^^J^^oa known to be material to patentability of any claim issued in a patent was cited by me Officer sXited to the* 
Office in the marmer prescribed by §§ 1.97(bHd) and 1.98. However, no patent will be granted on an application in cordon with which fraud ; on ™<Sc^^SSced 
oi attempted or the duty of disclosure was violated through bad faith or intentional misconduct The Office encourages applicants to carefully examine* practiced 

( 1 ) Pnor art cited in search reports of a foreign patent office in a counterpart application, and 

(2) The closest information over which individuals associated with the filing or prosecution of a patent application believe any pending 
- . TTJ L . claim patentably defines, to make sure that any material information contained therein is disclosed to the Office 

application, and section, information is material to patentability when it is not cumulative to information already of record or being made of record in the 

(1 ) It establishes, by itself or in combination with other information, a prima facie case of unpatentability of a claim- or 

(2) It refutes, or is inconsistent with, a position the applicant takes in; 

(i) Opposing an argument of unpatentability relied on by the Office, or 

(») Asserting an argument of patentability. 

nr^^A^L P Ia^FT^V S f^*? information compels a conclusion that a claim is unpatentable under the preponderance of evidence, burden-of- 

proof standard^ giving each term m the claim its broadest reasonable construction consistent with the specification, and before any consideration is given to evidenwwWch 
may be submitted in an attempt .to establish a contrary conclusion of patentability. S eviaence wnicn 

(c) Individuals associated with the filing or prosecution of a patent application within the meaning of this section are: 

(1 ) Each inventor named in the application; 

(2) Each attorney or agent who prepares or prosecutes the application; and 

(3) Every other person who is substantively involved in the preparation or prosecution of the application and who is associated with the 
,„ . inventor, with the assignee or with anyone to whom there is an obligation to assign the application. 

« ncr , W 55 H?? attorne y» age" 1 or inventor may comply with this section by disclosing information to the attorney, agent, or inventor 

35 U.S.C. 102. CONDITIONS FOR PATENTABILITY; NOVELTY AND LOSS OF RIGHT TO PATENT inventor. 

A person shall be entitled to a patent unless— 

♦j a (a) eu *i» the invention was known or used by others in this country, or patented or described in a printed publication in this or a foreign country, before the 
invention thereof by the applicant for patent, or ' 

■ ♦ a • * J* mv . ent ! on J 88 Patented or described in a printed publication in this or a foreign country or in public use or on sale in this country, more than one 
year pnor to the date of the application for patent m the United States, or 

(c) he has abandoned the invention, or 

(d) the invention was first patented or caused to be patented, or was the subject of an inventor's certificate, by the applicant or his legal representatives 
or assigns m a foreign country pnor to the date of the application for patent in this country on an application for patent or inventor's certificate filed more than twelve months 
oerore the tiling ot the application in the United States, or 

r * r ^\ , ^ invention was described in a patent granted on an application for patent by another filed in the United States before the invention thereof by the 
applicant tor patent, or on an international application by another who has fulfilled the requirements of paragraphs (1), (2), and (4) of section 371(c) of this title before the 
invention thereof by the applicant for patent, or ' ^ ' * w v v 

(f) he did not himself invent the subject matter sought to be patented, or 

a ♦ * ■ ^ * • befo ^ ^ applicant's invention thereof the invention was made in this country by another who had not abandoned, suppressed, or concealed it In 
determining priority of invention there shall be considered not only the respective dates of conception and reduction to practice of the invention, but also the reasonable 
diligence of one who was first to conceive and last to reduce to practice, from a time prior to conception by the other 
35 U.S.C 103. CONDITIONS FOR PATENTABILITY; NONOBVIOUS SUBJECT MATTER 

. fc t , . A P ate , nt ^ not °e obtained though the invention is not identically disclosed or described as set forth in section 1 02 of this title, if the differences 

between tiie subject matter sought to be patented and the pnor art are such that the subject matter as a whole would have been obvious at the time the invention was made to 
a person having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the manner in which the invention was made. 

JbXU Notwithstanding subsection (a), and upon timely election by the applicant for patent to proceed under this subsection, a biotechnoloeical process 
using or resulting in a composition of matter that is novel under section 102 and nonobvious under subsection (a) of this section shall be considered nonobvious ff- 

(A) claims to the process and the composition of matter are contained in either the same application for patent or in separate applications 
having the same effective filing date; and 

(B) the composition of matter, and the process at the time it was invented, were owned by the same person or subject to an obligation of 
assignment to the same person. to 

(2) A patent issued on a process under paragraph (1>- 

(A) shall also contain the claims to the composition of matter used in or made by that process, or 

(B) ^ shall, if such composition of matter is claimed in another patent, be set to expire on the same date as such other patent 
notwithstanding section 154. * 

(3) For purposes of paragraph ( 1), the term "biotechnological process" means- 

(A) a process of genetically altering or otherwise inducing a single- or multi-celled organism to- 

(i) express an exogenous nucleotide sequence, 

(ii) inhibit, eliminate, augment, or alter expression of an endogenous nucleotide sequence, or 
("0 . express a specific physiological characteristic not naturally associated with said organism; 

(B) cell fusion procedures yielding a cell line that expresses a specific protein, such as a monoclonal antibody; and 

(C) a method of using a product produced by a process defined by subparagraph (A) or (B), or a combination of subparagraphs (A) and 

™ JSLwr* / U ^ Ct m S ter d J vel °P ed fa y another Person, which qualifies as prior art only under subsection (f) or (g) of section 102 of this tide, shall not 

^S^SSSS^SSL ff££5££ Ject ™ mr and ** chimed invention were ' at me time invetttion ~ "* owned by ** same subiect 

35 U.S.C. 1 19 BENEFIT OF EARLIER FILING DATE IN FOREIGN COUNTRY; RIGHT OF PRIORITY (Applicable Portion) 

t i fi i a ' i- * n ^PP" 0311011 *? r Patent for an invention filed in this country by any person who has, or whose legal representatives or assigns have previously 
l^lZl if £ n t P n ? nt f °[ ^e invention in a foreign country which affords similar privileges in the case of applications filed in the United States or 

to citizens of the United States, shall have the same effect as the same application would have if filed in this country on the date on which the application for patent for the 
same invention was first filed in such foreign county, if the application in this county is filed within twelve months from the earliest date on which such foreign application 
was filed; but no patent shall be granted on any application for patent for an invention which has been patented or described in a printed publication in any country more than 
one year before the date of the actual filing of the application m this country, or which had been in public use or on sale in this country more than one year prior to such 

35 U.S.C. 120. BENEFIT OF EARLIER FILING DATE IN THE UNITED STATES 

««. i Tn.w ctfij application ?S r P? tent f0 J ™ Ios ?f in.^e manne r provided by the first paragraph of section 1 12 of this title in an application previously filed in 

S «S? fn T ' ° r 5 P Trf^ by S t Ctl 5 n 36 i°? ^ Utle ' W - hlcl ? is fiIed by an inventor or invent0TS named in me Previously filed application shall have &e same effect, as 
5, ™ 9 S£ n ' a ' ^T h f tf 71 *t ^ °f ^ pnor application, if filed before the patenting or abandonment of or termination of proceedings on the first application or 
apVircation g ° f filSt a PP lication and if Jt contains or is amended to C0Ittain a specific reference to the earlier filed 

35 U.S.C. 112. SPECIFICATION (Applicable Portion) 

""f spec J. fication shail ^J 1 ™ a wri tten description of the invention, and of the manner and process of making and using it, in such full, clear, concise and 

s* r^s^^ss pertains> or ^ which a is most neariy comec,ed - ,o ^ and - L and shk » set M ^ 

invention ^ s P ecificatlon shall conclude with one or more claims particularly pointing out and distinctly claiming the subject matter which the applicant regards as his 



